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Remarks 



Prior to this amendment, claims 1, 6-9, 1 1-15, 21, 25-28, 32-34, and 38-45 were pending 
m this application. Claims 10, 11, and 39 are amended, and claims 12 and 25 are canceled 
herein. Claim 10 is amended to correct a minor grammatical error and claim 1 1 i s amended 
according to antecedent basis requirements. Support for the amendment of claim 39 can be 
found in the specification at page 22, lines 32-36. 

No new matter has been added by these amendments. After entry of this amendment, 
claims 1, 6-9, 11, 13-15, 21, 26-28, 32-34, and 38-45 are pending. Unless specifically stated 
otherwise, none of these amendments are intended to limit the scope of any claim; Applicants 
reserve the right to pursue any removed subject matter in a related application. 

Information Disclosure Statement 

Applicants thank Examiner Huff for considering and initialing copies of the Information 
Disclosure Statements submitted on April 21, 2005 and March 13, 2006 (the latter received by 
the Patent Office on March 1 5, 2006). 

Claim Rejections Under 35 U.S.C §112, second paragraph 

Claims 10-12, 26-28, and 39-45 are rejected under 35 U.S.C. 1 12, second paragraph, as 
allegedly indefinite for failing to particularly point out and distinctly claim the subject matter 
which Applicants regard as the invention. Applicants traverse these rejections; each rejection 
will be addressed separately, below. 

Partfa^ 

The Office action does not explicitly state which claim is rejected for reciting "a[s] colon 
tumor a uterine tumor" in line 2. However, Applicants believe that this rejection is directed at 
claim 10 and will respond to the rejection based on this assumption. Claim 10 is amended to 
include a comma between "colon tumor" and "a uterine tumor." Applicants submit that this 
amendment renders claim 10 clear and definite and withdrawal of this rejection is respectfully 
requested. 
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Partjb) 

Claims 1 1 and 12 are rejected for allegedly not having antecedent basis for "the agent." 
Claim 12 is canceled, rendering this rejection of claim 12 moot. Claim 1 1 is amended to recite 
"the monoclonal antibody » Applicants submit that'the amended claim now properly depends 
from claim 1 and that this amendment renders this claim clear and definite. Withdrawal of this 
rejection of claim 1 1 is respectfully requested. 

: i 

Partfc) 

Claim 26 is rejected for alfegedty not being clear as to what activity of the immune cell is 
enhanced. Applicants respectfully disagree with the Office action. Claim 26 clearly recites that 
"blocking the TGF-p signaling pathway results in increased tumor immunosurveillance by the 
TGF-p receptor-expressing cell" (emphasis added). Furthermore, the specification clearly 
teaches that an enhanced activity of an immune cell, resulting from the administration of an 
agent which blocks the TGF-p signaling pathway, is increased tumor immunosurveillance (see 
specification at least at page 22, liiles 1-4). Thus, the enhanced activity of the immune cell is 
increased tumor immunosurveillance. In light of the above discussion, Applicants submit that 
claim 26 is clear and definite and withdrawal of the rejection is respectfully requested 

Partfd^ 

u 

Claim 39 is rejected for allegedly not being clear as to whether the TGF-beta cell in line 3 
is the same as the control TGF-beta cell in lines 6 and 7. Applicants respectfully disagree with 
the Office action. However, solel^to advance prosecution in this case, claim 39 is amended to 
recite "... a TGF-p receptor-expressing control immune cell of the same type not contacted with 
the agent, and wherein the decreas^ in activity of TGF-p signaling in the TGF-p receptor- 
expressing immune cell is indicative of an agent that inhibits tumor recurrence in a subject." 
Applicants submit that this amendment renders claim 39 clear and definite and withdrawal of this 
rejection is respectfully requested. \\ 

if 

Claim Rejections Under 35 U.S.C $1 1 2, first paragraph (enablement) 

Claims 39-45 are rejected asj allegedly failing to comply with the enablement 
requirement. Applicants traverse tiijs rejection of claims 39-45. 
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The Federal Circuit has repeatedly stated that enablement is not precluded by the 
necessity for some experimentation, so long as the experimentation is not undue. /„ re Wands 8 
USPQ2d 1400 (Fed. Cir. 1988). % considerable amount of experimentation is permissible, if it is 
merely routine, or if the specification provides a reasonable amount of guidance in which 
direction the experimentation should proceed. Id. Applicants submit that any experimentation 
would be routine and the present Application provides the guidance necessary to understand and 
carry out the methods encompassejd by the claims. 

Claims 39-45 are directed Jo a method for screening for an agent that inhibits tumor 
recurrence. Applicants submit that representative candidate agents that can be used to block the 
TGF-beta signaling pathway and ^hibit tumor recurrence are clearly described in the 
specification (page 22, line 31 thr|ugh page 24, line 20). In addition, the specification discloses 
example assays to use in order to measure the effect of such agents on the TGF-beta signaling 
pathway (page 24, line 23 through^age 25, line 5). The specification also clearly sets out 
various methods for identifying wjjich agents can inhibit tumor recurrence (page 26, line 5 
through page 27, line 18). Finally^the specification teaches how to use agents once they have 
been identified as blocking the Te|-beta signaling pathway in order to inhibit tumor recurrence. 
For example, the specification teaihes routes of administration of an agent to a subject and 
timing of administration of an ageijt. 

Thus, Applicants contend tjjat the specification provides sufficient guidance for one of 
skill in the art to understand and perform the claimed screening methods in order to identify an 
agent that can inhibit tumor recurrence. Further, at the time the application was filed It was well 
known to those of skill in the art h<ijw to use in vitro assays to test the effectiveness of various 
agents for clinical use. It was also jWell known at the time how to test promising candidate 
agents in vivo using any one of a number of animal models. Thus, Applicants submit that, given 
the state of the art at the time of filtog and the guidance in the specification, it would merely be 
routine to perform the method of screening for an agent that inhibits tumor recurrence, 
particularly in view of Applicants' Itpecific teachings in the specification. 
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In light of the above arguments, Applicants submit that claims 39-45 are fully enabled by 
the specification. Applicants reojiest that the rejection under 35 U.S.C. § 112, first paragraph, be 
withdrawn. i 



©on 



Claim Objections 

Claim 12 is objected to as 
previous claim. Solely to advance 
rejection of claim 12 moot. 



Double Patenting 

Claim 25 is provisionally < 
Applicants traverse this objection, 
is canceled, rendering this provisiW 



25 



Claim Rejections Under 35 U.S.C 

Claims 1,6-9, 11-15,21, 
allegedly anticipated by Dasch et 
"discloses and claims methods 
reactive to TGF-beta and to permr 
results in tumor regression" (Offic s| 
rejection. Claims 12 and 25 are 



for treating 



Applicants note that the 
original (primary) tumors, recurrent' 
recurrence is the "return of a tumor, 
tumor has been removed surgically 
(page 17, lines 23-25). A tumor 
tumor from one part of the body to 
called "secondary tumors" and 
(see specification at page 1 0, lines 
application was filed that there can 
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allegedly failing to further limit the subject matter of a 
prosecution in this case, claim 12 is canceled, rendering this 



bjected to as allegedly being a substantial duplicate of claim 1. 
| However, solely to advance prosecution in this case, claim 25 
Inal objection moot. 



] §l02(b) 

28, 32-34, and 38 are rejected under 35 U.S.C. §102(b) as 
(U.S, Patent No. 9,090,383) because the reference 

tumor cells by administering monoclonal antibodies 
peneration of an immune response against the tumor and this 
\ action at page 6). Applicants strenuously traverse this 
canceled, rendering the rejection of these claims moot. 



specification clearly discusses recognized distinctions among 
tumors, and metastases (secondary) tumors. A tumor 
;j at the same site as the original (primary) tumor, after the 
>jby drug or other treatment, or has otherwise disappeared" 

i is not a metastasis, as a metastasis is the "spread of a 
another. Tumors formed from cells that have spread are 
in cells that are like those in the original (primary) tumor" 
!^-29). It was well known in the art at the time the 
l?e a recurrence of either a primary tumor or a metastasis. 



contain 
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However, cells of a recurj&it primary tumor or a recurrent metastatic tumor differ 
immunologically from the origin^ primary tumor or original metastatic tumor. As a result, a 
recurrent tumor, which appears following treatment to induce regression and/or disappearance of 
a primary (original) tumor, is insensitive to the treatment used to regress the original tumor For 
example, treatments that effective^ regress a primary tumor have been shown to be ineffective 
at subsequently inhibiting a recurrent tumor (Restifo et al, J. Natl. Can. Inst., 88:100-108, 1996 
- Exhibit A; Maeurer et al, J. Cli*. Invest., 98 : 1 633-1 641, 1996 - Exhibit B ; Lee et al, J. 
Immunol, 161:4183-4194, 1998 - pExhibit C; Matusi et al, J. Immunol, 163:184-193, 1999- 
Exhibit D). In fact, this phenomenon continues to be an active topic of scientific investigation 
(Khong et al, J. Immunotker., 27: j 84-190, 2004 - Exhibit E; Kmieciak et al, Eur. J. Immunol, 
37:675-685, 2007 - Exhibit F). T t us, the characteristics of a recurrent tumor (or recurrent 
metastatic tumor) axe very differed from the original primary tumor (or original metastatic 
tumor), despite the tact that the reojirrent tumor exists at the site of the original tumor. Based on 
what was known in the art at the t rjne the application was filed, one of ordinary skill would not 
have expected or predicted that an intibody used to treat a primary tumor would be effective at 
treating a tumor recurrence. j 

■ j 

j 

As discussed above, Dasch*/ al discloses the use of a TGF-beta antagonist (the 1D11.16 
monoclonal antibody) to regress e listing tumors (column 5, lines 54-58) or to treat tumors cells 
that produce TGF-beta (column 2, lines 28-32). Applicants note that inducing the regression of a 
tumor is very different than inhibit|ig recurrence of a tumor, as the former reduces the size of an 
existing tumor and the latter prevents the return of a variant form of the tumor. Applicants also 
note that Dasch et al does not spec j fically teach the use of the disclosed TGF-beta antagonists to 
inhibit the recurrence of a tumor tl at has escaped tumor immunosurveillance or to inhibit a 
variant of a tumor that produces T(5F-beta. In this regard, Dasch et al. does not disclose the 
concept of tumor recurrence or the podified characteristics of tumor cells which make them 
resistant to the treatment which wa I effective against the original tumor. Nor would it be known 
from the teachings of Dasch et al. tLt the disclosed TGF-beta antagonists could inhibit tumor 
recurrence. Thus, Dasch et al. doeitjnot and cannot anticipate Applicants' claims. Based on the 
above discussion, Applicants respectfully request reconsideration and withdrawal of the rejection 
of claims 1, 6-9, 11-15, 21, 25-28, : iE-34, and 38. 
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Claim Rejections Under 35 K£<|| §103(a) 



Dasch g/ al in view of Suthanthi 



Claims 1,6-15,21,25-281 
allegedly unpatentable over Dasc 
No. US2004/0197333). Asdiscuj 
the disclosed TGF-beta antagoni: 
immunosurveillance. Suthanthir* 

Suthanthiran et al disclo, 
neoplasm associated with imm 
antagonist" ([001 7J). However, 
of a neoplasm" as "prevention or 
metastasis of the neoplasm" ( [001 
antagonists to inhibit the recurred 
Nor does Suthanthiran et al disci 
characteristics of tumor cells whi 
against the original tumor. 

Because neither Dasch et 
elements of the claimed methods, 
Withdrawal of this rejection is req 

Dasch et al in view of Terabe et al 



Claims 1,6-15; 21, 25-28,: 
allegedly unpatentable over Dasch 
The Office action states that Dasch||tf 
tumor mass (col. 6, lines 44-61)" ((Iffice 
passage in Dasch et al does not reffjr 
refers to the use of the disclosed 
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n et al 



32-34, and 38 are rejected under 35 U.S.C. §103(a) as 

et al in view of Suthanthiran et al (U.S. Patent Application 

sed above, Dasch et at, does not specifically teach the use of 

to inhibit the recurrence of a tumor that has escaped tumor 

et al does not make up for this deficiency. 

methods of "reducing formation or progression of a 
luppressive therapy in a mammal by treating with a TGF-beta 
thanthiran et al defines "reducing formation or progression 

bition of initiation, establishment, proliferation or 
). Suthanthiran ef a/, dbesnot teach the use of TGF-beta 
of a tumor that has escaped tumor immunosurveillance. 
the concept of tumor recurrence or the modified 
make them resistant to the treatment which was effective 



nor Suthanthiran et al implicitly or explicitly teach all 
pplicants* claims are non-obvious over the cited references, 
sted. 



34, and 38 are rejected under 35 U.S.C. §103(a) as 
t al in view of Terabe et al {Nature Immunol, 1:515, 2000). 
al "discloses the use of the mab in an assay to monitor 

action at page 10). Applicants note that the cited 
to monitoring tumor mass. Instead, col. 6 5 lines 44-61 
in "a number of immunoassays, including assays to 



an' body 
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purify or quantify TGF-B." Theliaims are directed to a method of inhibiting tumor recurrence 
using a monoclonal antibody spelfic for TGF-beta. As this passage does not relate to the use of 
the antibody to inhibit tumor recJrrence, it is not relevant to this rejection. The Office action 
also states that as Dasch et al dis| ^Ioses methods for monitoring tumor progression, this reads on 
tumor immunosurveillance, Appi jcants submit that monitoring tumor progression does not 
encompass inhibiting tumor recui ience. 



As discussed above, Dasc 
antagonists to inhibit the recurreifee 
Terabe et al does not make up fo: 
cells and interleukin-13 are 
et al also discloses various assayslfthat 
al does not teach the use of the di Iclosed 
tumor that has escaped tumor imnjbnosurveillan 



} necesi ary 



Because neither Dasch et 
the claimed methods, these claimsftari 
of this rejection is requested. 



allowance and notification to this 
that a telephone conference wouldi 



et al does not teach the use of the disclosed TGF-beta 

of a tumor that has escaped tumor immunosurveillance, 
this deficiency. Terabe et al discloses that natural killer T 
for down-regulation of tumor immunosurveillance. Terabe 
measure tumor immunosurveillance. However, Terabe et 
TGF-beta antagonists to inhibit the recurrence of a 
.cc. 



'. nor Terabe et al implicitly or explicitly teach all elements of 
e clearly non-obvious over the cited references. Withdrawal 



Conclusion 

Based on the foregoing amendments and arguments, the claims are in condition for 

Tect is reques ted. If for any reason the Examiner believes 
ixpedite allowance of the claims, please telephone the 



S1014 



undersigned at the number listed 1 



low. 



One World Trade Center, Suite 16' 
121 S.W. Salmon Street 
Portland, Oregon 97204 
Telephone; (503) 595-5300 
Facsimile: (503)595-5301 



f 



Respectfully submitted, 
KLARQUIST SPARKMAN, LLP 



By 



Anne Carlson, Ph.D. 
Registration No. 47,472 
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Notes 
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The Netherland;, Cohen Sludy w» jupported by *t Dutch Cancer Socicy 

£ tSSss; sups ™* by Uoite ~ *- 1 vi —" : 

Wa tannic die participants of this study, the regional cancer reohtnes in, 
Nationwide Pathology D.ubase, and Pmfc^ors F. StSS^^fcTTlto™ 
for thei, crucial rote in es„bli 5hu , 8 The NW^'SS *S « '» 3 



P. FIchw, A. P,n* n . H. van Monrfort, R. Schmeitt. T. v m Momfon A 

westsiraie for their useful commons on the manuscript 
The Netherlands Cohort Study on Diet and Cancer was anoreved bv the 

^1VWcti> received May 5, 1995; revised Augmi 15. 1995? accept October 
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Loss of Functional 
Metastatic Melanomas 



Receiving Immunotherapy 



Nicholas P. Restifo, Francesco 
Jeff Taubenberger, John R. Yanjjelli 



r Microglobulin in 
From Five Patients 




Vf . Marincola* Yutaka Kawakami, 
i, Steven A. Rosenberg* 



Background: In * subset of patients wit] j j metastatic mela- 
noma, T lymphocytes bearing the cell-surf*ce marker CD8 
(CD8* T cells) can cause the regression of even large tumors. 
These antitumor CDS* T ceils recognize! 'peptide antigens 
presented on the surface of tumor cells by major histocom- 
patibility complex (MHC) class I molecule* The MHC Class 
I molecule is a heterodimer composed of an integral 
membrane glycoprotein designated the aljchain and a non- 
covalently associated, soluble protein called beta r micro- 
globulin (fern). Loss of pjm generally eliminates antigen 
recognition by antitumor CD8+ T cells. Filrpose: We studied 
the loss of fern as a potential means of tumor escape from 
Immune recognition in a cohort of patients receiving 
Immunotherapy. Methods: We successfully grew 13 Inde- 
pendent tumor cell cultures from tumor specimens obtained 
from 13 patients in a cohort of 40 consecutive patients un- 
dergoing immunotherapy for metastatic rrjelanoma and for 
whom tumor specimens were available. These cell lines, as 
well as another melanoma cell line (called 1074mel) that had 
been derived from tumor obtained from; a patient in a 
cytoMne-gene therapy study, were characterized in vitro 
cytofluorometrically for MHC class I expression and by 
northern and western blot analyses for [messenger RNA 
(mRNA) and protein expression, respective jy, and ex vivo by 
immunohistochemistry. Results: After one] melanoma cell 
line (1074mel) was found not to express functional fern by 
cytoftuorometrlc analysis, four (31 %) of thje 13 newly estab- 
lished melanoma cell lines were found to Wave an absolute 
lack of functional MHC class I express.^ Northern blot 
analysis of RNA extracted from the five cell; lines exhibiting 
no functional MHC class 1 expression showed that these cells 
contained normal levels of a-chain mRlfifA but variable 
levels of fern mRNA. In addition, no irnrWu no reactive p 2 m 
protein was detected by western blot analysis. When human 
P 2 m was transiently expressed with the use of a recombinant 



vaccinia virus, cell^urface MHC class I expression was 
reconstituted and the ability of these five cell lines to present 
endogenous antigens was restored. Immunohistochemical 
staining of tumor sections revealed a lack of immunoreactive 
MHC class I in vivo, supporting the notion that the In vitro 
observations were not artifactual. Furthermore, archival 
tumor sections obtained from patients prior to im- 
munotherapy were available from three patients and were 
found to be ftm positive. This result was consistent with the 
hypothesis that loss of P z m resulted from immunotherapy. 
Conclusions: These data suggest that the loss of fern may be 
a mechanism whereby tumor cells am acquire immunoresis- 
tance. This study represents the first characterization or a 
molecular route of escape of tumors from immune recogni- 
tion in a cohort of patients being treated with immuno* 
therapy. [J Natl Cancer Inst 199ti;88: 100-8] 

A subset of T lymphocytes bearing the cell-surface marker 
CDS can be shown to directly lyse tumor cells in vitro U2)> 
These T cells, designated CD8 + T cells, can be expanded to 
large numbers ex vivo and adoptively transferred back to 
patients together with inierleukin 2 (ftV2) where they can, in 
some cases, effect ihe regression of even large tumors (3*5). In 
patients with a number of different human malignancies, anti- 
tumor T cells can be elicited that are capable of recognizing 
autologous tumor cells as measured by cytolytic- and cytokine- 
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release assays (6-JO). Tumor deposits from patients with metas- 
tatic melanoma lesions yield tumor-infiltrating lymphocytes 
(TILs), with antitumor specificity in approximaiely 30% of the 
cases, making melanoma the most tractable of human cancers to 
T<ell~bascd immunotherapy. Objective clinical responses are 
observed in approximately 35% of patients wiih metastatic 
melanoma who are treated with TIL-based ; therapy; some 
responses are complete and long lasting [reviewed in (I J)). 

The reasons why the metastatic lesions of some patients yield 
successful. TIL cultures ex vivo while others do not are un~ 
known. It is also unknown why some patients with apparently 
specific and lytic TILs often fail to respond, Even more perplex- 
ing is why some tumors escape after an initial response to 
therapy and why only some, but not all, of the lesions in an in- 
dividual respond to treatment. : j 

Abnormalities in T-ccll signal transduction induced by tumor 
cells are potential mechanisms for tumor escape! from immune 
recognition (12). However, since most patients with melanoma 
do not have measurable immunosuppression, the|tumor cell has 
become the target of investigation to determine the mechanisms 
of escape from immunologic recognition (7 J). | The steps re- 
quired for the processing and presentation of antigens for recog- 
nition by CD8* T cells, in particular, may be involved in tumor 
escape, since CD8 + T cells do not recognize intact antigens on 
the surfaces of tumor cells but generally recognize peptide frag- 
ments of protein antigens presented by major histocompatibility 
complex (MHC) class I molecules (14- J6). ! 

MHC molecules are known as human leukocyte antigens 
(HLAs) in humans and H-2 antigens in mice (77$ MHC class I 
molecules arc heterodimers composed of a 44- to 46-kd integral 
membrane glycoprotein designated the Ot chain and a non- 
covalently associated, soluble 12-kd protein \ icalled beta 2 - 
microglobulin (fern). All nucleated cells in the 'body* with the 
exception of germline cells and some neurons ! (75), express 
class J-peptide complexes, the ligands for T cells. A 

molecular understanding of the structure of MHC Molecules has 
made clear their tme function with respect to aritigen recogni- 
tion by T cells: MHC molecules are receptors for peptide an- 
tigens (79), MHC molecules are physically associated with 
peptide antigens, and x-ray crystallographic data liave indicated 
precisely how such an interaction occurs. The solution of the 
crystal structure of MHC class I and II molecules 1 has clarified 
the molecular structure of MHC molecules and specifically the 
way MHC molecules bind antigen (20-22). MHC molecules 
have peptide-binding domains, consisting of a deijp groove that 
runs between two long a helices found on the outward- facing 
surface of the MHC molecule. In the case of class I molecules, 
x-ray crystallographic findings have since been rained and ex- 
tended to include x-ray images of particular peptides lying in the 
cleft of MHC molecules (23-26). These findings rtveal that the 
peptides are bound in an extended conformation. Antigenic pep- 
tides bound by MHC class 1 molecules are generally eight to 10 
amino acids in length, usually resulting from proteolytic activity 
in the cytoplasm. 

Peptides are transported into the endoplasmic reticulum by a 
specialized adenosine triphosphate-dependent transporter called 
TAP, which is related to the multidrug resistance rirorein, Mdrl . 
Peptides then assemble together with a chains and fom to form 

Journal of ihc National Cancer Inst] rule, Vol. 88. No. 2, January 17, 1096" 
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a rrimolecular complex that is then transported out of the en- 
doplasmic reticulum, through the Golgi apparatus, to the cell 
surface for potenriai recognition by CD8+ T cells. With few ex- 
ceptions (27), recognition by CD8+ T cells does not occur in the 
absence of fcm (28,29). since MHC class I a chains not asso- 
ciated with f^m are retained in the endoplasmic reticulum (30). 
BickneU et al (37), Bodmcr el al. (32) t and Momburg and Koch 

(33) have shown that human cancer cells, especially cells of 
aAsnocarcinornas of the colon, may fail to express fern; Wanget aj. 

(34) and DUrso et al. (35) have shown mat two human melanoma 
cell lines do not express MHC class I as a result of mutations in the 
genes encoding fom. The loss or mutation of the genes encoding 
fctn is a highly efficient mechanism for rumor escape from im- 
mune recognition, since stable presentation of peptide antigen by 
MHC class I molecules does not occur in the absence of fern. The 
purpose of our study was to investigate the loss of fom as a poten- 
tial means of tumor escape from immune recognition in a cohort of 
patients undergoing immunotherapy. 

Materials and Methods 
Patients 

Tumors were obtained according io institutional guidelines, and National In- 
stitutes of Health (NIH) Clmkral Center standards for informed content were ad- 
hered to for aJi patients. Thirteen independent tumor cell culture were 
successfully grown from * cohort of 40 consecutive patient* receiving im- 
munotherapy for whom tumor specimens were available. These patients were 
enrolled in clinical trials at the National Cancer Institute <NCl). Bcthesdn, MD* 
the result* of one of these trials was recently published (4). 

Tumor Cells 

Melanoma cell lines (I074me! 4 Il06rnel, MgQrnel, |]74meJ, 1259mel, 
526mel» 8d&mel, 397mci. and 624rnel> were established in our laboratory, and* 
the last rour of these cell lines have been previously described {36). One tumor 
call culture <ID74mel; ix., melanoma cell culture from pattern No. 1074) was 
not pan of the cohon of patients undergoing Immunotherapy for metastatic 
melanoma and was derived for a different purpose f» cytokine-gene-therapy 
study (37)1 The B^-deficicnt melanoma cell line FO-I has been previously 
described (J5). Daudi (a B-lymphoblastoid cell line derived from a patient with 
Bu/khVs lymphoma). HS2sclc [a small-cell lung cancer cell line and K562 
(human chronic myelogenous leukemia) were obtained from the American Type 
Culture Coltecibn (ATCQ, Rockville, MD. Tumor cells were maintained as a 
monolayer culture In complete medium containing RPMM640, 10% he&l-inac- 
livated fetal calf serum (bod) from Bioflulds. Rockville, MD). and 0.03% (100 
rnAf) gjutamfne (NIH Media Unii, Bethcsda, MD). 

Cytofluorography 

Cultured luraor cell lines were harvested with 0.05% trypsin-0.02% verscne 
without calcium and magnesium (BjofluldsX wasted, then incubated with 
hybridoma culture; supernatant containing me W6732 monoclonal antibody 
(M Ab) for 30 minutes (Sera Ubs. Wesibury. NY) (mouse immunoglobulin C2a 
[1&G2&) iwlype), W6/32 reacts with monomoiphie determinants on the HLA-A, 
-B, and -C molecules. Jn all cases, ceils were stained with the appropriate 
isotypc-matched control antibody, nonspecific mouse IgG2a (Bccton Diclumwi 
Immunocytometry Systems, San Jose, CA). M Ab bmding to cells *as followed 
by binding with goat anti-mouse fluorescein isothlocyanaie-eonjugated antibody 
(Boehrirt$cr Mannheim Biochemical*. Indianapolis. IN) and detected by fluores- 
cence-activated cell sorting (FACS) using a fACScan 440 (Bccton Pfckinson, 
Mountain View, CA). 

Cytotoxic T Lymphocytes 

Cytotoxic T lymphocyies (CTU) were generated from excised tumor 
specimens by cuJtttrin^ suspension cells in complete medium containing IL-2 
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(6000 UAnU) (Chiron Therapeutics. Emeryville, CA) for 30-70 days as prevj. 
ously described (38). 7 y 

Experiments thai use mouse CTU to study antigen processing in human 
tumors have ban described elsewhere In brief. polyclonal CDS* Tecti 
populations were generated from 6- to S.weefc-old ferhflJe 3ALB/c mice by in- 
travenoua injection of 5 x 10* pieque-formmg units of vaccinia vims. After at 
lease 2 weeks, spleens were remove*, dispersed to slnglc-*ell suspensions, and 
simulated in vitro wi,h v ac dn«-infec tB d BALB/c spJenocyies at 9 ratio of 2:1. 
Celb weir men cultured in compleie medium 10 generate CD8* T cells the care 
of animals wis in accord with NIK guidelines. 

Microcytotoxicity Assays 

"Cr release assays wen- petfoimcd as previously |descri bed V9) Briefly 
5000 ta/geJ celts labeled with 200 uCi of Na"CK>, (Du P om NEN, Boston MA) 
were mixed with various numbers of effector cells and incubated for 6 houn. In 
experiments involving infection of cells with vaccinia lints, target cells were In- 
fected with 10 plague- forming units per cell of die designated recombinant vac. 
cinia virusfca) for 60-90 minutes, then labeled with 3, Cr for I hour. Target cells 
were then washed three times and mixed with CD8? T cells. In all rnrcn> 
cytetOJticiiy assays, the amount of released "Cr wasj determined by -^photon 
counting of aliquot* of supernatant* of cells after lysis experiments. Percent 
specific lysis was calculated as follows: ([experimental cpnv-spontaneous 
cprnj/lmwlmnl epm-spontancow cpmj) x 100. 

Immunohistochetrjica) Staining of Archival Tissue 
Specimens From Patients 



Irnmunohiscochemisiry was performed on archival tissue sections where 
available. Formalin-fixed, paraffin-embedded secltths. 5 Mm thick, were 
deparaffinized in xylene and stained as previously described (40). Murine MAb, 
ATCC HB1S9 (am 1 -human f^m, also known as SFlU.hl), supernatant was 
brought to pH 7 by the addition of HC1 and used at a US dilution in phospfcate- 
bufrered Saline (PBS) (Bioflucds), Bioiinylmed horse anti-mouse lgC at 1:200 
was used as the secondary antibody (Bothringer Marmneim Biochemical*). Im- 
munopvroxKsasc siaining was completed with the use of the avidin-peroxidasc 
complex (Vector Laboratories. Inc., Burlingame, GA). Diamlnobenridine^ 
hydrogen peroxide (Sigma Chemical Co., St. Louis, Mp) was used as the de- 
veloping solution, and the sections were coumersiainea 4 With hernaiaxylin-eosin. 

Western Blot Analyses j | 

Tumor cells were lysed by adding a buffer consitri'n'g of PBS cc*t&mn* 2 
mAf EDTA. 2 mM phenylmethyisuifonyl fluoride, and I tnM dithiothreitot 
(Sigma Chemical Co,) at 4 'C. TTie ce-lfe were then sonicated for 10- 15 seconds, 
and the lysate was centrifuged at 3000 rpm for 5 minute* at 4 *C. The concent^- 
lion of protein in the cell homogeriftlc supernatant was octermined by the use of 
the Bio-Rad protein assay (Bio-Rod Laboratories, Richmond, CA), Equal 
amounts of protein (20 tig) from each cell lysate were clcctrophoretically 
resolved on a 16% sodium dodecyl wlfate-polyacrylamtjde gel and transferred to 
0 nitrocellulose membrane with the use of a Bto-ftad Trjahsblott Mini cell (Bio- 
Rad) at 230 m A for I hour. The nitrocellulose sheet was! blocked overnight with 
Blocking Buffer (5 Prime 3 Prime, Ine:, West Cheater, PA) and first in- 
cubated with the nnti'pVn MAb HBI59 (ATCQ for 2 hours and then with 
horseradish peroxidase -labeled secondary goat-antj-rnoysie antibody for 2 hours. 
Immunofluorescence was detected with the use of j the Enhanced Cheml 
Luminescence (A men ham Life Science Inc., Arlington] Heights, IL), Protein 
sites were estimated wiih the use of kiw-motecular-wright smndards (14 0OO- 
70 000; Sigma Cncmical Co.). 

Northern Blot Analysis i ! 

I ! 

Specific probes for j^m were gene rated by the use gfj the reverse CTtLflSCrip- 
tion-polymerese chain irecxioa (PCR) method. The total jRNA was isolated with 
the use of guankJine isoihlocyanaie (Fluka Chemical Corp., Rortkonkoma, NY) 
then purified wiih the use of the cesium chloride | (Serva Biochemicals) 
ccntrifiigarion method, as previously described («) from i the Epstein-Barr virus- 
rrarufbrmed 8 -cell line designated 50 1 that was established in our laboratory 
(4/). Fuss-strand complementary DNA (cDNA) was synthesized from 10 ]ig 
total RNA using an oligo dT primer and murine leukemia virus reverse 
transcriptase (Life Technologies [GlBCO BRLJ. Oaithersburg, mD). The 



specific S'-side oligonucleotide primer for ft,m that was used hod the sequence 5' 
CAC OrC ATC CAG AQA ATG C 3'. and the ^side oligonucleotide primer 
had the sequence 5' CGA TCC CAC TTA ACT ATC TTO G For PCR 
amplification, samples were initially denatured for 2 minutes at 94 "Q then 30 
cycles were performed with the use of the following conditions: $4 "C for 30 
seconds, 60 X for 30 seconds, and 72 'C for 1 minute folic wed by an extension 
cycle of 10 minutes at 72 TC PCR products were electrophoresed on 1 M 
agarose gels with an acetate buffer, and the predicted fragment sizes of bands 
(260 bp) were Isolated, purified by the glass-powder method (CcneClean, U 
lolla. CA). and used as hybridization probes for northern blots. The HLA-A2 I 
ftlO-itngth cDNA was used as a probe template for MHC class I (42). Human B- 
aciin cDNA w U purchased from Clontcch Laboratories, Inc. Palo Alto. CA 
Trie probes were labeled with [ P»)-deoxyeyiidinc triphosphate (Amersham Life 
Science Inc.) by the random- priming method as previously described (14) For 
the northern Wot analysis, 10 Uji of total RNA from each tumor was 
electrophoresed in a 1% agarose-formaldehyde gel, transferred to a nylon 
membrane (Zen-Probe, Bio-Rad Laboratories), and fixed to the membrane by 
UV cross-linking. Prchybridtairon was done for 30 minutes with the use of the 
5 Prime -» 3 Prime Northern Hybridisation buffer. Hybridizaiion was done in a 
40% fomiarnide hybridization solution (Northern hybridization buffer, 5 Prime 
-» 3 Prima, Inc.) at 42 'C overnight. Membranes were washed three to four 
times in U standard saline citrate at 60 *C for 30 minutes for each wash, and 
autoradiography was then performed. 

Gene Replacement Studies 

The production of a recombinant vaccinia virus expressing the gene (K^ 
Vac) has been described 04), as has the production of the recombinant vaccinia 
virus containing the fj,m gene (pVivVbc) (42). 
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Results 

Steady-state cell surface expression of MHC class I was 
studied in a group of patients with metastatic melanoma at the 
NCI. All of the patients entered in the T-cell-based irrt. 
munoiherapy protocol had either failed standard therapy or had 
disease for which no effective therapy was available. All 
patients had clinically assessable disease and received no other 
therapy during the 30 days before the protocol treatment or 
during treatment. Patient characteristics. Including the im- 
munotherapy received, are shown in Table 1 . 

Of the 40 attempts to grow tumor cells obtained from patients 
from whom melanoma deposits were surgically resected, 18 
tumor cell lines could not be grown at all and nine could be 
derived, but did not grow adequately, and therefore were not 
studied for their expression of cell surface HLA. Of the 13 
tumor cell lines that could be derived into tumor cell cultures 
that could be grown to quantities sufficient for in vitro evalua- 
tion, four were found to be devoid of MHC class I and were in- 
cluded in the present study for the characterization of their 
MHC class I deficits. One additional tumor cell culture (from 
patient No. 1074) was not part of this group of 40 and was 
derived for a different purpose [a cytokine gene^therapy study 
C*7)J, but is nevertheless included here because it was observed 
to be MHC class I deficient. 

From this screening analysis, five independently established 
melanoma cell cultures from patients with metastatic melanoma 
were devoid of cell-surface HLA class I molecules as measured 
cytofluorometrically (Fig, 1). The loss of MHC class I expres- 
sion on these cell lines was complete, even when assessed by 
the MAb W6/32 (that can recognize virtually all human HLA 
class I alleles). 
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Tablet. Paiient charBctcnsIcs 



P&iient 
No. 



Age. y; sex 



Specimen 
site* 



CortXroentst 



1106 



46; male 



Tumor-infiltiajing 
lymphocyte 
growth 



U80 



46; femaJe 



107454 26;fcmak 
1174 53; male 

1259 30; male 



SC 



SC 
SOI 

SC 
5C 

SC 



sat 

SOI 
LNII 
SC 

sai 



Class I, 
histology 



Response to 
immujyjihtTapyl 



Previous response to neatmem with 
IL# and [FN a; reeling 
and did noi re respond 

$*rneo* above 

Treamwni wtin TTLa from 
above, no response 

Additional biopsies 

No previous treatment of 

melanasi* 
New nodule after no 

response io treatment 

with TTLVIL-2/IFN a 
New nodules after no 

rcfijjonse io TTLs/LL-2/TJFN a 

Previous mixed response 
to lj..2 

No response to 
previous IL*2 

No previous immunotherapy 
Prevrotus response to TILx 
given cfyoprescrvqd TILs 



No 



Ye, 
No 



No Mtempt 
Yes 

Yes 



No 
Yes 
No 



Ye» 
No 



No 



Yesfl 
NoV,f 

No 
Yes 

Low** 



NotU? 

No 

No 

Yes 
No 



Mixed 

No 
No 

No 



Yes 
No 



*SC ■ subcutaneous; LN - lymph node, ] 
t IL-2 = intcrteakin £rFNa« interferon alpha: TILs = lumor-mfiltraiina lymphocyies. 
f For definitions of Clinical responses, see (4). ^ 
Slmmunohistocliemicai staining, shown in Fig, 6, panel B. | 
llTumor from which melanoma cell line was derived. 
■Hemaioxyliri-eosin sain, shown in Fig. d, panel A. 
#lmmunohisiochemi«al staining, shown in Fig. 6, panel C 
**lmmunohistochemical staining, shown in P|g, 6, panel E. 
ttHematOxylin-eosm suln. shown In Fig. 6. panel 0. 
**ImmunohUtochemical staining, shown in Fig. & panel P. 
5 5 From another study {42Y 



To characterize the mechanisms underlying the lack of MHC 
class I expression, we considered the possibility that HLA a 
chains were poorly loaded with peptides in the endoplasmic 
reticulum because of down-regulation or mutation of the TAP 
peptide transporters or proteasome components, since we have 
observed this mechanism to be functioning in small-cell lung 
cancer (14), However, defects in the above-named components 
of the antigen-processing machinery have generally resulted in 
MHC class 1 expression that is decreased, but notlabsent, since 
some peptides can originate from peptides or proteins translo- 
cated across the endoplasmic reticulum membrane by TAP-in- 
dependent signal sequence mechanisms, exposing the proteins 
to proteolytic activities in the endoplasmic reticulum (43,44). 

The completeness of the loss observed in the melanoma cell 
lines suggested the structural loss or mutation of either all of the 
heavy-chain MHC class I molecules or of fom.! The former 
would require disabling mutations of six independent genomic 
transcripts (two alleles each of HLA-A, -B, and -C) or the com- 
plete loss of approximately 1500 bp of the MHC class I region 
on the short arm of both copies of chromosome 6|(since MHC 
class ! molecules are codominantly expressed). Another, more 
likely, possibility was the loss or mutation of both copies of 
fom, a structural component of cell -surface MHC class I 

To explore the possibility that the deficit in functional fom 
occurred at the level of decreased gene otmscription or in- 
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creased degradation of messenger RNA (mRNA), northern blot 
analysis of the melanoma tumor cell lines was performed. The 
oc-chain mRNA levels were found to be normal (data not 
shown). However, expression of fern mRNA was variable and 
lower than that seen in control cell lines (Fig. 2). The controls 
used in this experiment were the antigen-presentation normal 
melanoma cell lines 624 and 397 and the FO-I cell line, which 
is known to have a defect in the expression of functional (fern, 
due to a lack of fcm gene expression (J5). A western blot 
analysis, however, failed to detect any immunoreactive protein 
(Fig. 3). 

To test the hypothesis that fern was responsible for the ab- 
sence of MHC class I on the cell surfaces, we sought to replace 
functional forn within the cells. Since MHC class I molecules 
are generally retained in the endoplasmic reticulum if they are 
not completed with p 3 m, the addition of functional p 2 m would 
likely reconstitute cell-membrane expression of MHC class I 
molecules. One rapid, although transient, method of fcm gene 
expression involved infection of the cells with a recombinant 
vaccinia virus that expresses (^m. As shown in Fig. 1, expres- 
sion of Pam mRNA by a recombinant vaccinia virus elicited 
MHC class I expression on the surfaces of the five human 
melanoma cell lines under study. Indeed, there may be some 
suppression of endogenous MHC class I expression by control 
vaccinia virus in line 1259M, a phenomenon that has been 
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Fig. 1. Absence of major histocompatibility complex class I on ihc surfaces of 
metastatic human melanoma cell lines and restoration muansicm exp^on or 
betflj-rnicToglobtJlin (P,m). Huorescence-acrfvaied cellSOrter analysis was per. 
formed on minor cell lines alone (heavy solid line), infected with wiW-type vac- 
clnia virus (dashed line), and Infected with (he recombinant voecuii* vim* 
expressing Pjm («ghi solid line, shaded gray under the cvWe); cell lines were se- 
quentially incubated with cither the controf immunoglobulin G2a aniibody (left 
panels) or the Wfl/32 monoclonal antibody (right panels) and then with goat 
anti-mouse fluorescein wihfocyanete*conjugated Fab figments. The cell lines 
analyzed were ma positive comrol cell line SWmel (thar Is normal in Its antigen- 
presenting capacity), the negative-control H82*cJc (a small-cell lung cancer cell 
line that does not process anrigenf), and the fWc melanoma cell lines <1239mc|, 
I074mel, 1 180m*?, | I06mel, and 1 1 74rocl) that have lost functional fan- For 
two cell Unas <H82sclc and 1 1 tomel), only two curves uje shown in this experi- 
ment because the tumor-cdl-alone control was ant performed because of inade- 
quate numben of cells, ! 




F£. 2. N«ih«Ti bloi analysts of ivuii RNA extracted from the i.idicaled cells 
Cornell 397[meL]. FO-K iiOnlmeli, I074m^lj. 1174|melj, nftO[,nelj. 
I259fn^j, and probed for ihc excision of hctn.-mkTOskibi.lin fp\mj mew 
srnger RNA. The northern blot probed for 0 2 m messenger RNA <icr> panel) was 
urripped and prvhed for fcwtin to ensure sufficiciu foadiny of ull lanes rboiu>m 
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Fig. 3. Western bloc analysis of total protein extracts for expression of inv 
mun^ctivc I teia^fcroglobultn (fern). Lysatca of melanoma cell Km* 
l074meL UOfimeU UWmeU Il74mel, and 12J9mel do not exprcsa any 
measurahle immunoreactive ^m. Une I074mel is shown after infection with 
recombinant vaccinia virus expressing ftm (left. most panel) or after infection 
with wild-type control vaccinia virus (second from left). 



described by others (45). The melanoma Cell line 888 was used 
as a positive control, since it exhibits normal antigen presenta- 
tion; the small-cell lung cancer cell line H82 was used as a 
negative control, since it is defective in antigen processing, as 
previously reported (M). 

The results of the western blot analysis, jtogether with the 
cyiofluorographic evidence, suggested thai thji genetic insertion 
of functional fcm wouJd fully restore the ability of the cell lines 
to process and present endogenous antigens ibr recognition by 
CDS* T cells. On the other hand, if there werej additional abnor- 
malities in antigen processing, a full restoration of function in 
the antigen-presenting capabilities of the cell lines being studied 
would not be seen with the replacement of B^rn. To test this 
question directly, we employed a method fori the study of an- 
tigen processing that was independent of both! the HLA type of 
the tumor and the presence or absence specific cellular 
proteins. With the use of a recombinant vaccinia virus encoding 
the mouse H-2 Kd MHC class I molecule flKf-Vac), we tested 
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human tumor cell lines for presentation of viral anrigens to 
mouse K d -restricted, vaccinia-spline CD8*TmxI1 populations 
and thus studied ajidgen-processing capabilities of human hrmor 
cells per sc. As shown in Fig. 4. restoration of the fern molecule 
In the tumor cells completely restored the antigerhprocesstng 
capabilities of all five of the melanoma cell lines tested. The ex- 
pression of fcm had no effect on H82, the negative control in 
this experiment (J4). 

To test whether lack of functional p 2 m was the sole mech- 
anism of escape of these tumors from recognition by CD8+ T 
cells, we studied whether restoration of p 2 m in these cell lines 
was associated with thfe restoration of killing of these cell lines 
by antitumor CD8+ T cells, Tnis was a critical question because 
the low of fom could be accompanied by the loss of tumor-asso- 
ciated antigens, making the restoration of in these cell lines 
a less relevant aspect of therapy. The problem with testing this 
question was that autologous TILs were not available from 
patients whose tumors gave rise to these cell lines. Since one of 
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Fig. 4. Micnxytotoxiciiy assay evohintirtg the antigen, 
f^f m,t lf " paciU " l ? f ^microglobulin (fVn>de fl- 
uent cell lm«. Oil lines were seined for their 
capacities lo preoem vaccinia virus antigen* in the con- 
text or a imniienily expressed H-2 K c molecule. Eflec- 
!!2 ^J 5 ® vaccinio vims-specine. H-2 

.^JZ*** mu " ne Cv, «<>xk T lymphocytes. Tawei 
cells (T) were either Uninfected f A). infecied with vac- 
cinia virus expressing H-2 K* alone <•)> or in combina- 
lion with recombinant vaccinia virus expressing 
Pjtn tA)> The E;T ratios for the six points in each 
curve, reeding from left to right, were 1 00: 1, 50 I 25- 1 
1 2 Si 1 . 6^5: 1 , and 3. 123: 1 . The melanoma cell Imc 526 
(ine positive control) is on anugen processing inteet cell 
line inal processes vaccinia antigens efficiently in ihe 
absence of pVn. The small-cell lung cancer cell line 
H82sclc fails to process antigens even in the presence of 
ftm, since the antigen-procefising lesions in this celt line 
are elsewhere {14). Note thai 1239mer, ||80mel, 
Il06mel, ll?4mcJ ( and I074mel all foil to present vac- 
cinia vims anugens but can do so cfTiciently when func- 
tional pyn is expressed cndogerwiisfy. 



•I 

the five patients lacking functional fcm expression was HLA- 
A2.1 positive (No, 1074) and since we have generated CD8+ T 
cells thai were capable of recognizing ubiquitously expressed 
melanoma tumor-associated antigens in the context of HLA- 
A2. 1 (46), we could directly test whether restoration of fom led 
to immune recognition by CD8+ T cells. As showij in Fig. 5, ex- 
pression of functional fcm in the I074mel cell line restored its 
susceptibility to lysis by HLA-A2.1 -restricted anrimelanoma 
CD8+T cells. i 

Despite the lack of expression of cell-surfacejMHC class I 
molecules, all five of the fom-deficicnt melanoma cell lines 
were capable of being |ysed by lymphokine-activated killer cells 
(data not shown), | 

To test the possibility that ihese observations were due simply 
to an artifact of the culture of the melanoma cellsj we sought to 
assess the status of MHC class 1 expression of these tumors in 
vivo. Since a portion of each of the fresh melanoma specimens 
from which the melanoma cultures were developed was sent for 
pathologic analysis, we procured the parafftn^mbedded tissue 
blocks and performed immunohistochemical analysis for the 
presence of fern. Tissue sections in all five of the cases in ques- 
tion were found to be uniformly devoid of |3 2 m (Fig, 6 and data 
not shown). Note that each tumor cell line contains the positive 




control of infiltrating cells that make up the vasculature of the 
tumor. Thus, the cells of the lines under scrutiny did not express 
0 2 m in vivo that was capable of complcxing with MHC class I a 
chains and stabilizing them on the tumor cell surfaces. 

Finally, archival tumor sections obtained from patients prior 
to immunotherapy were available for three patients (Nos. 1 106, 
1 180, and 1259) and were found to be p 2 m positive (Table l[ 
Fig. 6, and data not shown). This result was consistent with the 
hypothesis that the loss of foro resulted from immunotherapy. 

Discussion 

The five cell lines described in this article were independently 
derived from metastatic melanomas obtained from five patients 
who had undergone immunotherapy. The tumors from which 
these five cell lines were derived may escape immune recogni- 
tion by CD8* T cells via the loss of expression of functional 
fym. since replacement of fom fully restores the antigen- 
processing capabilities of all of these cell lines (Fig. 4) and can 
restore the ability of antitumor CD8+ T cells to recognize the 
cell line in the tumor (I074mel) that was matched for HLA- 
A2. 1. Importantly, the loss of fcm by these tumors was also ob- 
served in vivo by immunohistochemical analysis. 



Fig. 5. Microcyiotoxicity assay evaluating the capacity of a betaj- 
microblobulin (&m)-dcficieni cell line lo present tumor associated an- 
tigen after restoration or ftm. Melanoma cell lines were tested for 
recognition by HLA-AJ.I^restrkied anumelanomo effector (E) cells 
Target pells (T) were the HLA-A2.1 -positive, pVn-posMve 526 cell 
line (♦); the HLA-A2, J -positive but P^rn-negaiive 1074 cell line in- 
fected wiili control vaccinia virus (4) or infected with recombinant 
vaccinia virus^tpressing fern (A* the HLA-AZI-negative but p>- 
posiuve 88$ melanoma cell line wiih control <Q) or p>i vaccinia virus 
<■); and the HLA- A2 J -negative and 0 2 m- negative 1239 cell line with 
control (•) or pV" vaccinia virus (O). 
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Fig. 6. Immunohistochemical stain- 
ing of sections of melanoma in sHu. 
Sections from rumor specimens 
described in Tabic I from patient 
No*. J 106 (panels AO and 1 180 
(panels D-F) tut shown. Immune- 
hwiochcmical staining in panels B, 
C, E, and F was done at the same 
time, under exactly the same condi- 
tions wlih ami -human beta,- 
microglobulin (p>i) monoc tonal 
antibody followed by Immuno- 
peroxioase staining (zee "Materials 
and Methods** section for details]. 
Strongly positive and weakly posi- 
tive staining for Is shown in 
panels B and E. respectively. 
Panels C and F are examples of 
specimens that stain negative for 
0,ra. HemAioxyiin-eo5in stains are 
Shown in panels A and D. where 
melanin deposits thai appear dark 
brown can be seen, . 



The loss of fom may be an important medianism for the es- 
cape of some melanoma cells from recognition by CD8+ T cells 
and could explain why some patients experience a recrudes- 
cence of tumor growth, often in aggressive antf ultimately lethal 
forms, after excellent responses to T-celUbflst# therapy. Indeed, 
none of the patients responded to immunotherapy subsequent to 
the observed loss of functional fom, and jkll of these Jive 
patients (Tabic 1) have died of disease thatijwas noted to be 
clinically very aggressive. Perhaps most importantly, antitumor 
CD8+ T cells could not be grown from any of Jthese lesions once 
there was loss of fern. However, the sample is too small to 
enable us to definitively draw the statistical conclusion that 
patients bearing tumors deficient in functional p 2 m have poor 
outcomes compared wiih patients whose turners do not suffer 
such a loss. Furthermore, we do not have enough illustrative ex- 
amples to conclude that immunotherapy, orlT-ceJl-based im- 
munocherapy, was responsible for the loss; of fom. Many 
patients whose tumors do express MHC classijl fail to respond, 
and thus tumors are likely to use multiple different mechanisms 
to' evade immune destruction. Nevertheless, the findings 
presented here could be used as the basis for prospective studies 
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of much larger cohorts of patients receiving immunotherapy that 
could provide more definitive answers to these questions. 

The incidence of the loss of functional forn in this study, four 
(31%) of 13, is strikingly high. However, loss of MHC class 1 
expression in a cohort of patients undergoing immunotherapy 
with IL-2 has not yet been performed. Abnormalities in MHC 
class 1 expression in the absence of immunotherapy may be 
much higher than has been described in the earlier literature* as 
indicated by more recent studies examining particular al- 
lospeciflcities (36.47). Furthermore, the loss or p 3 m has recently 
been associated with a mutator phenotype, frequently an early 
event in the development of carcinoma. The molecular basis for 
the loss of fern in these parents, particularly as ii relates to 
microsaiellite instability, is now being explored (48). 

We have previously reported poor expression of MHC class I 
molecules by human small-cell lung cancers and an experimen- 
tal mouse sarcoma (!4J8,49). In our previous studies of defi- 
cient MHC class I expression, all of the small-cell lung cancer 
cell lines could be induced to express MHC class 1 by the addi- 
tion of interferon gamma (IFN y). We could not induce MHC 
class I expression with the use of IFN y in the five human 
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melanoma cell lines reported here (data noi shown). Thus, there 
appears to be histologic specificity in the mechanisms underly- 
ing a failure of recognition by CD8 + T cells: Six of six small- 
cell lung cancers previously studied presenteel antigen poorly 
because of a down-regulation of molecules important in antigen 
processing, while loss of functional f^m was responsible for this 
effect in five of five melanomas in the present study. 

The loss of p 2 m is a highly effective mechanism of tumor es- 
cape from recognition by CD8+ T cells, since MHC class I 
molecules are not stable in its absence. The loss lof expression of 
both copies of 0 2 m is also an efficient mechanism of escape, 
since loss of expression of any two other genes; involved in an- 
tigen processing, such as TAP or proteasome components, 
would cause a much less profound loss of antigen-presenting 
capacity (I3J0)> Loss of p 2 m may result in increased suscep- 
tibility to lysis by natural killer (NK) cells (51-53). However, 
the aggressive lethality of each of the five fcm deficient rumors 
reported in this study suggests either that lysis jbf these tumors 
by NK cells is ineffective or that the tumor cells] have additional 
mechanisms of escape from immune recognition? by NK cells. 

Positive expression of fcrn mRJNA by rionbejm blot analysis 
suggested that the deletion of both copies of thSe gene was noi 
responsible for the loss of functional fern and that mutation of 
one or both copies was probably responsible tor the complete 
loss of functional fom. The absence of (Jjiti shown by western 
blot analysis indicated that the epitopes recogniaed by the MAb 
were not present to any measurable extent. Sinfe western blot 
analysis measures the steady-state level of antigen, either the 
epitope was not produced because of mutation or premature ter- 
mination or the protein produced had a vastly reduced half-life 
because of enhanced proteolysis due to a change! in sequence or 
to a misfolding of the protein. \ 

Studies in experimental murine models indicate that loss of 
km expression by germline transmission of a homozygous dis- 
ruption of the p 2 m gene is not lethal (54). The fern-deficient 
mice express little or no functional class J antigen, and while 
other T-cell subsets were found in their normal distribution, the 
mice were found to have no mature CD8+ T cells (29). It is in- 
teresting that these mice were still capable off rejecting skin 
grafts (55) and were able to clear some viral infections (56J57). 
These findings are consistent with a view of the iinmune system 
as highly redundant. Indeed, all of the fer^-loss mutants 
remained sensitive to lysis by lymphokine-activaied killer cells, 
suggesting that immunotherapy based on non-MHC- restricted 
effector cells may be more effective in selected patients. 
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Tumor Escape from lmmune[Recognition 

Lethal Recurrent Melanoma In a Patent Associated with Downreflulation of the Peptide Transporter 
Protein TAP-1 and Loss of Expression of the Immunodominant MART-1/Melan-A Antigen 
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J5260 ; y e pariment of Human Genetics, Gradate School of Public Health, and the University of Pinburgh CancJlnstUu^Pinsburth 
Pennsylvania 15260; and 'Division of Experimental Oncology, Instiuap Nazionale Tumori, Milan, Italy 20133 ^ 



Abstract 

In the last few years, mutiple protein target antigens for fan- 
munorecognition by T cells have been identified on human 
melanoma. How melanoma lesions escape [from functional 
antigen-specific immune recognition remains poorly under- 
stood. We have identified the concoroitantlpss of the immu- 
nodominant T cell-defined MART-l/MelaS-A antigen and 
downregulation of the TAP- 1 gene in a recurrent metastatic 
melanoma that was resected in 1993. This] phenotype was 
not observed for an earlier autologous melanoma lesion re- 
sected in 1987. The "antigen loss" could hi restored in the 
variant tumor cell line by simultaneously! providing both 
the MART- 1/M elan- A gene (by retroviral transfer) and the 
TAP-1 gene (by a bioballistic approach) resulting in tumor 
cell sensitivity to MART-l/Meleji-A^specmc cytotoxic T 
lymphocytes. This suggests that tumor escape from immune 
surveillance may have occured in vivo as a sequential result 
of (a) antigen loss, and (ft) downregulation! of the peptide* 
transporter protein TAP-1 expression by! this patient's 
tumor over a 6-yr period from 1987 to 19$, These results 
suggest that the characterization of the T fell response to 
melanoma in individual patients and definition of the im- 
munologically relevant genetic defects in tuAiors may be re- 
quired to select the most effective therapeutic strategies for 
a given patient (/. Clin. Invest 1996. 98:1^33-1641.) Key 
words: tumor antigens # T cell recognition ;& TAP 
melanoma - antigen processing 

Introduction 

Melanoma is perhaps the tumor for which die best evidence 
exists for an effective immune response, with many tumor- 
bearing patients living for prolonged periods j pef ore succumb- 
ing to metastatic disease. It is also currently the tumor that has 
been most successfully treated with biologic JAesponse modifi- 
ers such as IL-2 and with the adoptive transfer of ex vivo-ex- 
panded patient T cells specific for tumors (1).; 
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It is now generally accepted that T cells are the major im- 
mune effectors regulating tumor progression in an immuno- 
competent host. T cells derived from patients with cancers 
have been particularly useful in defining the molecular targets 
of immune reactivity, such as the melanoma-associated anti- 
gens MART-VMelan-A (2-5). gplOO/PmeI17 (6-8), or tyrosi- 
nase (9, 10). Recent advances in our understanding of tumor 
immimobiology have allowed for the identification of cellular 
mechanisms by which tumors may escape immune recognition 
(Table I) despite the presence of tumor-reactive T-lympho- 
cytes in patients. 

We describo a female patient diagnosed in 1976 with pri- 
mary melanoma treated with multiple sequential surgical exci- 
sions. Tumor cells were available from resected lesions in 1987 
and 1993. Cultured autologous HLA-A2+-restricted tumor- 
infiltrating lymphocytes (TIL) 1 were derived from the 1993 ab- 
dominal lesions. These TIL recognized not only the autolo- 
gous tumor samples that had been resected in 1987 and 1993, 
but also other HLA-A2+ -matched allogeneic melanomas! 
While tumor cells obtained from the 1987 lesion were recog- 
nized by a panel of allogeneic HLA-A2-restricted clonal and 
polyclonal cytotoxic T-lymphocytes (CTL) lines specific for re- 
cently identified CTL-defined antigens shared among mela- 
noma cells and melanocytes (MART-l/Melan-A and gplOO/ 
Pmell7), the tumor cells resected in 1993 were not These ob- 
servations support the critical importance of T cell selective 
pressure against tumor progression and document two concur- 
rent mechanisms of tumor evasion of immunity in vivo. 

Methods 

Cellular reagents. We describe in this report the characteristics of 
two melanoma lesions obalned from a female patient diagnosed in 
1976 with primary melanoma, She Underwent primarily surgical re- 
section of the melanoma lesion and subsequently presented with lo- 
calized metastases. She was treated with various experimental thera- 
pies including monoclonal antibodies to p97 (11) and high dose IL-2. 
After a treatment response to IL-2, the patient subsequently pro- 
cessed with isolated cutaneous and nodal metastases until 1993 when 
she relapsed, presenting with small bowel metastases, and ultimately 
succumbed to the disease. The melanoma cells examined included a 
freshly harvested single cell suspension (SCS), designated 717 from a 
lesion resected in 1987, an SCS (6J29TW) obtained from resected 
small bowel lesions, and the derived melanoma cell line designated 
PM1-B1. Single cell suspensions from melanoma lesions and TIL 
were prepared as described in detail previously {12} and were stored 
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1 , Abbreviations used in this paper: CTL» Cytotoxic T lymphocyte; ER, 
endoplasmic reticulum; FISH, fluorescence in Situ hybridization; RT\ 
reverse transcription; SCS, single cell suspension; TIL, tumor infil- 
trating lymphocyte. 

1 and T Cell-defined Antigen Loss in Melanoma Are Immune Escape Mechanisms 1 633 
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Table L Potential Defects in Melanoma 



Dcfccj 



Lead Sng to Esca pe from Immune Recognition 

I 



Effect* 



Afltigen loss Of epitope loss in 

melanoma 
Point mutation within the 

MHC* presented T cell epitope 



Beta-2 microglobulin loss 

MHC class 1 global or allelic loss 
of MHC molecules 



Peptide transporter defect 



Downrcgulation of adhesion molecules, 
or costimulatory molecules 



Suppression of endothelial vascular 
adhesion molecule I (VCAM-1I) 
by melanoma 



Specific target of T cell recognition lost (29-31) 

(I) Mutation abrogates binding to MHC molecules: target of T cell 
recognition lost (36). (II) Mutation docs not affect binding to MHC: 
target of t cell recognition may be lost, or may function as 'partial 
agonist', or 'antagonist* leading to T cell anergy or to a qualitatively 
different effector T cell function(s) (33, 34). 

Global defect in melanoma cUbs I expression and CDB+ Tcell 
recognition. MHC class II expression is intact (40, 43). 

Global, individual decreased, or absent MHC class I expression on 
melanoma (such as HLA-A2, or B-iocus alleles). Restricting MHC 
molecule for melanoma peptide presentation might be lost 
(40,44.45). 

Decreased or absent expression of TAP-1. Failure in transporting 
peptides into the endoplasmic reticulum and expression of 
endogenously processed and presented MHC/peptide complexes 
on the cell surface. HLA-A2 expression is partially maintained due 
to binding of peptides derived from protein signal sequences In the 
ER (18, 10, 39. 40). 

Delivery of signal 1 (MHC + peptide), but not signal 2 (costimuiatory 
molecule) may induce T ceil anergy. Loss of adhesion molecules 
may abrogate conjugate formation and consequently effector T cell 
functions (46). 

Downrcgulation of VCAM-1 prevents invasion of Immune 
effector T cells to enter the tumor site (47). 



in liquid nitrogen. Autologous TIL were maintained in AIM-V me- 
dium (GIBCO BRL, Grand Island, NY) supplemented with 1,000 IU 
IL-2 (provided by Cetus Corp., Emeryville, CA) in vitro without re- 
Stimulation with tumor. Different effector CTL included the alloge- 
neic polyclonal TIL line 1235, which has been previously used to 
identify the irnmunodominant HLA-A2-pTcsented lilART-l/Melan-A 
antigen (2-S), kindly provided by Dr. J.R.YaneUi [(Surgery Branch, 
National Cancer Institute, Betheada, MD). The H£A-A2- restricted 
CTL clones 1.1 and A83 have been described previously and exhibit 
similar specificity to that of TIL 1235, recognizing three closely re- 
lated peptides provided by MART-1/MELAN-A (2, 5 ? )3). The CTL 
clone 2,37.1 recognizes a different sot of melanoma peptides pre- 
sented by HLA-A2 that are presumably derived! from the gplOfr 
PraeI17 protein. CTL targets included HLA-A2-mfitched melanoma 
cell lines and the LAK/NK sensitive target cell lines Daudi and K562 
(obtained from Dr. Theresa Whiteside, TMD Laboratory at Pitts- 
burgh Cancer Institute, Pittsburgh, PA). Recipient target ccUs in pepi 
tide pulsing assays included the human HLA-A2+ T/B cell hybrid 
cell line T2. j 

Cytogenetic analyses by fluorescence in situ Hybridization {FISH). 
Metaphase cells were obtained from a melanoma ceil line established 
from the melanoma single cell suspension resectejb in 1995 (called 
PM1-B1) using classical cytogenetic techniques (]k). The chromo- 
somes were trypsin-Cicmsa banded, 20 metaphase cells were karyo- 
typed and chromosomal abnormalities were expressed according to 
the International System for Cytogenetic Nomenclature (14). Cells 
labeled 717 (from the subcutaneous lesions resected in 1987), and 
6129TW (from 1993) were melanoma cells, freshlyj dissociated after 
surgical excision and immediately cryoprescrved in 10% DMSO in 
fetal bovine serum. The PM1-B1 line was initiated at the time of dis- 
sociation from a separate aliquot of the cell suspension that was la- 
beled 6I29TW and cryoprescrved for later analyst^. The cells were 

1634 Maeureretol. 



thawed, washed, and fixed in 3:1 methanol/acctic acid lor 20 min at 
room temperature and slides were prepared. In preparation for FISH 
hybridization and analysis, the cell suspension from the PMl-Bl cell 
fine (established from the 1993 lesion) and single cell suspensions 717 
(1987), 6129TW (1993), and a control bone marrow specimen were 
applied to slides as described and treated according to the manufac- 
turer's instructions (Oncer, Inc., Gaithersburg, MD). Pairs of satellite 
chromosome probes, one labeled with digoxigenm and the other with 
biotin for chromosomes 1 (D1Z5) and 3 (D321), 1 and 7 (D7Z1), X 
(DXZ1), and 3, X, and 7, were prepared for hybridization. After 
hybridization, slides were washed and visualized using fluorescein- 
ayidin/biotinylated antiavidin staining followed by rhodamine anri- 
digoxin antibody. The slides were countcrstained with 4,6-diamid- 
ino-2*phenylindolc (DAPI) in antffade solution and 250 interphase 
nuclei per pair were analyzed and photographed using a BHS micro- 
scope (Olympus Corp., Lake Success, NY) equipped with epifluorcs- 
ccncc optics and a triple bandpass filter (digoxigenin/fluorescein/ 
DAPI). Color photographs were taken on EktOchromc 100-HC color 
film (Eastman Kodak Co., Rochester, NY), 

T cell "epitope mapping" of melanoma celllines, MHC class I 
bound peptides were removed from viable tumor cells by mild acid 
elution leading to dissociation of MHC class heavy chains, beta-2 mi- 
croglobulin, and peptides. Peptide material was fractionated by 
HPLC as previously described in detail (IS, 16) and ah'quots of indi- 
vidual HPLC fractions (containing peptide material) were pulsed on 
HLA-A2+ noninelanoma antigen-presenting colls (i.e„ the human 
T/B cell hybrid T2). Individual HPLC fractions were tested for T ceil 
recognition in a standard 4-h 31 Cr release assay as described in detail 
(15, 16). 

Reverse transcrtpUon^PCR analysis. Total RNA was prepared 
from tumor ceils according to Chomczynskl and Sacchi (17), reverse 
transcribed into cDNA, and tested for integrity using p-actin-spcci- 
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tied primers. The primer for detection of the [melanoma antigea 
MART-]/Melan-A has been reported previously (3), and the primer 
panel for genes involved in peptide transport (TAP1/2) and peptide 
generation (LMP2/7) has been described in detail Elsewhere (18). 

Immunostaining. The polyclonal rabbit antibody specific for the 
human TAP-1. but not TAP-2 (19) molecule was a kind gift of Dr. 
Hidde Floegh (Massachusetts Institute of Technology, Cambridge 
MA) and was used for staining cytospins at a 1:1,000 dilution in PBS. 
Briefly, single-cell suspensions were prepared from the PMl-Bl line, 
and a single-cell suspension resected from 1987 f717) or from 1993 
(6129TW) was blocked with nonimmune serum (j*:10 in PBS), incu- 
bated for 5 h at room temperature with the anti-1fAP-l Ab, washed, 
incubated for 30 min with an F(ab)' a goat anti-rabbit Fc fragment, in- 
cubated for 30 min with ABC complex (Vectastoiii Vector Laborato- 
ries. Inc., Burlington, CA), washed, incubated 9 min with aminoethyl- 
carbozol (AEC; Biomeda, Foster City, CA). countcrstained with 
hematoxylin, covered, and dried at SG^C. 

Cent transfer. The human TAP-1 gene, cloned in the RS V5 vec- 
tor was a generous gift from Dr. Thomas Spies, (niassachusetts Insti- 
tute of Technology) and has been reported to restore TAP-1 function 
in human cell lines (20). The TAP-1 gene was delivered into mela- 
noma colls by a biobaUistic approach using TAP-t jblN A-eoated gold 
particles that arc accelerated by high air pressure to penruate target 
cells. The acceleration device "gene gun" (Accell^D was provided by 
Agracetus Inc. (Middletown, WI). DNA coating of gold beads and 



acceleration was performed according to the manufacturer's instruc- 
tions. The HLA-A2 gene was provided by Dr. R. Salter (Department 
of Pathology, University of Pittsburgh) and the-full length (399 bp) 
human MART-1 /Melan-A gene was cloned by reverse transcription 
(RT)-FCR using cDNA derived from the MA RT- 1/Mcl an- A positive 
cell line Mel 624 and subcloned into the MTG-based provirai vector 
containing the selectable marker for G418 (geneticin) resistance 
(termed DFG-MART-l/Melan-A), Infectious retroviral supernatant 
was prepared as described in detail elsewhere (21) and the DFG- 
MART-l/Melan-A-infected melanoma line PMl-Bl was selected for 
3 wk in CMRL medium (GIBCO BRL), supplemented with 400 u,g/ 
ml G418 (Glbco Laboratories, Grand Island, NY). 



Resurts 

TIl^PMl-Bl (1993) recognizes a subdominant T cell epitope 
on the autologous tumor. TIL derived from patient PMl-Bl 
in 1993 were grown in vitro for 4 wk, without restimulation 
with autologous or allogeneic tumor cells. TIL exhibited 
HLA-A2-restricted lysis Of tumor targets in a standard 4-h 
5l Cr release assay (data not shown). For a more detailed analy- 
sis of TIL specificity, MHC class 1 bound peptides were add 
eluted from the autologous tumor cell line PMl-Bl or the 




.HPLC Infection number 



in^fiSn? T2 ^ A RT-l/Melen-A-^erived Tccll epitopes ore absent in PMl-Bl (1993), Peptides wete eluted from either the 
tumor cell hue PMl-Bl or the HLA-A2+ control melanoma 624, and HPLC fractions. Individual HPLC fractions were pulsed on the HLA- 
"VT*f*I ^Z^" 00 by usln B Other the autologous TIL line PMl-Bl, or the MART-1/ 

™ h!«"!TiM m « f 5 -** " ™° T r J^" S - T F 1235 fa "" W d4Wct MART-l/Melan-A-provided epitopes on PMl-Bl, which are present 
on the control Mel line 624 eluttng in HPLC fraction^ 41/42, 47/46, and 51. The TIL line PMl-Bl also recognize* such MART-l/Melan-A- 

iTditil^X^h^ ™^ 0nS U "" B P ' P !i d « »»<>Bene» Mel line 624. Such peptides are absent on the autologous tumor PMl-Bl. 

Addmonauy, the TIL PMl-Bl recognizes a Afferent HLA-AS-presemed peptides) eluting in HPLC fraction 37 from the autologous tumor, 
and from the HLA-A2+ allogeneic Mel 624 (arrow). 6 lumaT ' 

TAp\l and T Cell-defined Antigen Lou in Melanoma Are Immune Escape Mechmitms 
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HLA-A2+ -matched allogeneic melanoma cell line 624. and 
HPLC fractionated. AN quote from each individual HPLC frac- 
tion were pulsed onto HLA-A2 nonmelanpma targets (Le., 
T2) and tested for T cell-mediated cytotoxicity using the autol- 
ogous TIL line PMl-Bl or the MART-l/Melan-A-specific 
TIL line 1235 as effector cells (Fjg. 1). TIL line PMl-Bl recog. 
niies only a single dominant bioactive peptide peak eluting in 
HPLC fraction 37 (82% specific lysis) when peptides from the 
autologous tumor PMl-Bl were pulsed onto the HLA-A2+ 
target cell line T2. This target peptide had not been previously 
identified as a melanoma TIL epitope in our previous series of 
other HLA-A2+ melanomas, but a careful retrospective anal- 
ysis of all available data suggests that this [bioactive HPLC 



o. 



to 



9* 
o-<> 



fraction contains a ''subdominant" peptide epitope recognized 
by freshly harvested TIL (13, 16). but not by long-term cul- 
tured TIL. In marked contrast, TIL line PMl-Bl recognizes 
four bioactive HPLC peaks, containing Mel <&4 cell-derived 
peptides, eluting in the corresponding HPLC fraction 37, but 
also three additional peaks eluting in fractions 41/42, 47/48, 
and 51, The MAKT-l/Melan-A-specific CTL line TIL 1235 
did not recognize any bioactive peptide material eluted from 
Mel PMl^Bl, but recognized three bioactive HPLC peaks 
eluting in HPLC fractions 41/42, 47/48, and 51, which contain T 
cell epitopes eluted from Mel 624 cells pulsed onto T2 cells. 
The bioactive HPLC peaks eluting in HPLC fractions 41/42> 
47/48, and 51 appear to contain three closely related peptides 
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Figure 2, Similar cytogenetics of two differ- 
ent tumor cell preparations obtained in 1987 
and 1993: graphic illustration of similarities 
in copy of chromosomes 1, 3,7, and X in the 
two directly harvested cell suspensions, 
6129TW (O), 717 (•), and the cell line 
PM-Bl (O). The tumor cell J ins PMl-Bl was 
established from an SCS resected in 1993 
(6129TW). We could not establish a mela- 

* coma cell line from the melanoma specimen 
, obtained in 1987, hence only the SCS (717, 
! 1987) was availnble for subsequent immune- 

- — a2 p lofiic testing. To evaluate (a) similarities or 

* • gross changes in chromosome numbers be- 
tween the tumor specimens obtained be- 
tween 1987 and 1993, and (b) if the mela- 
noma cell line PMl-Bl is representative of 
the SCS 6129TW (1993), we performed 

DFISH analyd$ for the copy number of chro- 
mosomes 1, 3, 7, and X in the cultured 
PMl-Bl cell line, and the freshly dissociated 
and cryopreaerved (> 97% turner cells) SCS 
717 and 6129TW. The graphs show the re- 
sults of two independent determinations of 
chromosome copy number frequency. Fairs 
of satellite chromosome probes, one labeled 
with digtwigenin and the other with biotin 
(pairs 1+3, 1+7. X+3. and X+7 ) werehy. 
bridized to slides and counterstained with 
4 > 6-diamid-lno-2-phenylindoIe as described 
in Methods. 250 interphase nuclei per pair 

, were analyzed and photographed. The indi- 

i .i vidua! chromosome- counts are presented as 
follows: (A) chromosome 1; (B) chromo- 
some 3; (C) chromosome 7; and (O) chro- 
mosome X. The counts for individual satel- 
l4 • - , > lite chromosome probes showed constant 

ho™ '^T: f ,h * Symb0li for ,h * indivlduat POP" 1 "*™ «*»*>»* (717 SCS [1987). cWctefa 
° P Z aDd the - 1 " 3 <* u «»« PMl-Bl. {dimnonm are very close together in C and P. exhibiting a mo" 

T eX P e i imentS ' H H VCr ' W * 0bs <™ d v-itaHon (A ™d B) for the chromomiomc I £3 

probes indicated by bars or dotted lines. For m,tsnce in one experiment, examination of 250 interphase nuclei yielded 60% of cells showvne four 

PM1 r I r ? ) I "* populadons r P resent within th * "tested tumor cell lines and within the cultured cell line 

t^» y .f,XS^ T. T i eh [ omoto[no « 1« * 7. and X; (a) the freshly harvested SCS Obtained from resected lesions 
«/«Kl / S* C,0S ' ly rdat °1 M res 'T? th * eo » nun *"er S of chromosomes 1, 3. 7, and X; and (c) 0>e melanoma cell line PMl-Bl 

™* ( " rcg f rds tbe d T««" cammed) the freshly harvested SCS obtained from the resected 1993 lesion. In general, the 

FISH data strongly ^ggested that copy numbers of itaomosome, 1 . 3, and 7 remained con S »m between all three cell population, cxammed 
Note that m D, only the caU line PMl-Bl {diamond^ exhibits 90-94% of cells with two X chromosomes. In contra,,, S h£££ tu- 

?M1 ni h 0m 1Wt7 and T { ? Ptn " d CW ""'^ " 1,ibil « W8% of « Us ™* * chromosomes, indicating alteration of the Z I line 
fMl-Bi during in vitro cell culture. 

1636 MaeurerctaL 
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Table II. T cell Epitopes Derived from MART-l/Melan-A Are Absent on the Tumor Resected in 1993, but Are Present on the 
Tumor Resected in 1 987 



MoLtac 614 (control) 



Mel line PMl-Bl (1993) 



sgseu9(i993) 



SCS 717 (1987) 



Effector TIL 



Target antigen 



Control IgG 



Wfi/32 COttCrOUgO W6/32 Control FgG W6732 



Control IgG 



W6/32 



E:T-J0:J 

PMl-Bl 
TJL 1235 
TIL 1.1 
TILA83 
TIL 2.371 



MART-l/Melan-A 
MART-l/Melan-A 
MART-1 Melan-A 
gplOO 



Pcrctnt specific lysis 

50 
37 
31 

27 ! 

is i 



20 
2 
1 
0 
) 



13 
0 
0 
0 
0 



50 
28 
38 
20 
16 



I 



To evaluate MHC class I-presentcd T cell epitopes on the control tumor Mel 624, the single cell Suspension harvested in 1987 (SCS 17). Ihe SCS har- 
vested in 1993 (SCS 6 1 29TW). and its derivative, the tumor cell fane PM"UJ)t, were assayed for T cell recognition in a standard 4-h"Cr release assay 
Specific T cell recognition was tested by blocking with an antibody directed against MHC class I (W6732), or with COntroJ IgG. Four different CTL 
lines tailed to kill the melanoma resected in 1993, but killed the tumor resected in 1987. Only the autologous TIL line PMl-Bl recognizes the tumor 
rcscctod in 1993 (20% lysis). 



provided by the MART-1/Mclan-A antigen (2r-5), which is ex- 
pressed in melanoma cells and in normal melanocytes (2^5, 13, 
22). Based on these T cell epitope-mapping experiments, it is 
suggested that the TIL present in the melanoma lesion re- 
sected in 1993 (PMl-Bl) recognize MARTj-l/Melan-A-pro- 
vided peptides, which are also recognized by the MART-1/ 
Melan-A-specific allogeneic TIL line 1235. TIL PMl -Bl addi- 
tionally recognizes an HLA-A2-presenled melanoma T cell 
epitope eluting in HPLC fraction 37 that is expressed by both 
autologous and on HLA-A2-matched allogeneic melanoma 
cells. The sequence identity of its protein precursor is currently 
the focus of intensive study. 

T cell epitopes defined by CTL clones are present on PMl-Bl 
(1987) but have been lost from PMl-Bl (1993). To compare 
the expression of T cell epitopes on the melanoma lesion re- 
sected in 1987 with the melanoma lesion resected in 1993, we 
tested several anti-MART-l/Melan-A or anti-gpl00/Pmcll7 
CTL clones against a control target (Mel 624 cells), the freshly 
harvested SCS 717 (1987), SCS 6129TW (1993), and the mela- 



noma cell bne PMl-Bl (1993). Classical cytogenetic and FISH 
analysis for chromosomes X, 1, 3, and 7 revealed that the mela- 
noma specimens resected in 1987 and 1993 are very closely re- 
lated and that the melanoma cell line PMl-Bl is representa- 
tive of the freshly isolated tumor cells harvested in 1993 (Pig. 
2). TIL clones 1.1 and AS3 are HLA-A2-restricted CD8+ 
CTL clones recognizing three closely related peptides pro- 
vided by the melanoma antigen MART-l/Melan-A (2-5, 13, 
22). The TIL clone 237.1 recognizes a different set of HLA- 
A2-presented melanoma peptides, eluting in HPLC fractions 
27 and 33, presumably provided by the melanoma antigen 
gpl00/Pmell7. Additionally, TIL PMl-Bl was evaluated for 
its ability to react against a panel of tumor target cell lines. All 
four TIL lines exhibited MHC class I-restrictcd lysis of the 
HLA-A2 control melanoma 624, and the SCS 717 resected in 
1987 (Table H). In contrast, only the (autologous) TIL line 
PMl-Bl lyscd the SCS 6129TW (1993) and its derived tumor 
cell line PMl-Bl (1993). MART-1 /Melan-A-spedfic TIL 
clones A83 and 1.1, and the gplOO-reactive TIL clone 2.37.1, 



Tyrosinase MART-1 /MELAN-A 



! 



M 1 2 3 4 5 6 7 8 M 





Figures. MART-l/Melan-A 
mRN A is absent in the mela- 
noma resected in 1993 but 
present in 1987. (A) ftNA was 
extracted, reverse transcribed 
into cDN A and tested for ex- 
pression Of tyrosinase, or 
MART-l/Melan-A by RT- 
PCR. (Lanes 1 and 5) SCS 717 
(1987), (Lanes 2 and 6) SCS 
6129TW (1993), (Lanes 3 and 
7) the derived Mel line 
PMl-Bl (1993), (Lanes 4 and 

w a ™ , . *) control Mel 624. Primers 

employed to detect MART-l/Melan-A covered the entire gene product (399 bp). In summary, tyrosinase mRN A could be detected in the freshly 
harvested tumor cells obtained in 1987 (lane 1) and!l993 (lane 2), in the 19V3 established cell line PMl-Bl (lane 3) t as well as in the positive con- 
trol melanoma cell line 624 (lane 4). In contrast, MART-l/Melan-A mRN A could be detected in the freshly harvested tumor cells from 1987 
(lane 5) and in the positive control melanoma cell line 624 (lane 8). Freshly harvested tumor cells from the 1993 resected melanoma lesion (lane 
6) and the derived melanoma cell line PMl-Bl (lane 7) tested negative for MART-l/Melan-A mRNA expression. A similar result was obtained 
using MART-1/Mclan-A-specific primers spanning axons 2 and S (B). Freshly harvested tumor cells from 1987 (lane 1) and the control mela- 
noma 624 (lane 4) showed MART-l/Melan-A expression. In contrast, freshly harvested tumor cells from 1993 (lane 2), or the derived melanoma 
cell lines (lane 3) showed low, or absent, MART- l/Melan- A mRNA expression. 

7>l P-l and T CcU-dsftned Antigen Loss in Melanoma Art Immune Escape Mechanisms 1 837 
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F^urc 4. The peptide transporter molecule 
TAP-1 is expressed in the melanoma resected 
in 1987, but not in 1993. Cytospins were pre- 
pared and stained for TAP-1 protein expres- 
sion (showing red staining) using an antibody 
specific for the TAP-1 protein. Melanoma cells 
resected In 1987 stained postive for TAP-1 (A). 
In contrast, TAP-1 protein is absent in tne mel- 
anoma resected in 1993 (B) y but could partially 
be restored (Q using the expression plasmid 
RSV5-TAP1 and the gene-delivery device 
AcceJJ* 
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failed to recognize 6129TW, or the melanoma line PMl-Bl 
(1993), confirming the absence of MART-1/Meia*-A^derived. 
T cell-defined epitopes presented on the tumor resected [in 
1993, but not in 1987. 

Detection of antigen toss: MART-l/Melan-A mRNA is ex- 
pressed by PMl-Bl (1987), but not by PMl-Bl (1993). RNA 
was extracted from the melanoma cells and reverse transcribed 
into cDNA to test for the presence of the MART-l/Melan-A 
mRNA. As a control, the message for tyrosinase, a key enzyme 
of melanin formation, was also evaluated (Fig. 3, A and B). Aill 
samples (717, SCS 1967; 6129TW, SCS 1993; Mel line, PMl-Bl 
1993; and the control, melanoma 624) exhibited a bright signal 
for tyrosinase. In contrast, only sample 717 (SCS, 1987) and 
the control melanoma 624 showed a positive signal for 
MART-l/Melan-A. Neither the freshly harvested SCS (1993) 
(6129TW) nor its derived cell line PMl-Bl (1993) expressed 
mRNA for MARTM/Melan-A. 

Gene transfer of MAR T-l/Melan-A and TAP-1 iruo PMl-Bl 
(1993) restores the expression of MART-l/Melan-A epitopes recog- 
nized by CD8+ cytotoxic T cells. The MART-l/Melan-A gene 
was cloned from cDNA derived from (control) melanoma ceil 
line 624, A retroviral vector with a selectable marker (Geneticin) 
termed DFG-MART-l/Melan-A was constructed for retroviral 
gene transfer of the MART- 1 /Melan- A gene. Examination 6f 
the antigen processing (protcasome subunits LliiP2/LfvfP7) and 
presentation machinery (the peptide transporter heterodimer 
TAP1/TAP2) by RT-PCR analysis has revealed that TAP1 
mRNA expression appeared to be downregulated m the mela- 
noma lesion resected in 1993 compared with the tumor lesion lft 
1987. We could not sufficiently restore TAF1 rbRNA by IFNy 
(1,000 IU/ml, 3 d) treatment (data not shown). Therefore, the 
human TAP1 gene was delivered into melanoma cells by "shootj- 
ing" the gene into the PMl-Bl cell line using the "gene gunf 1 
device AcceU* TAP1 gene expression could be monitored usin^ 
a polyclonal Ab specific for the TAP-1 protein (Fjg. 4). Staining 
of the melanoma sample 717 (1987) shows a high percentage of 
TAPl -positive staining tumor cells (Fig. 4 A). In contrast, the: 



melanoma cell line PMl-Bl (1993) ^ deficient in TAPl protein 
expression (Fig. 4 B). The single cell suspension 6129TW was 
^imOarly TAP-1 negative (data not shown). The expression of 
TAP4 could be restored in ~ 20% of the PMl-Bl cells after 
gene gun delivery of the TAP-1 gene and selection for 10 d in 
G418 (Fig, 4 C). T cell recognition of PMl-Bl cells after TAP-1 
gene transfer was examined using the polyclonal TTL line 1235 or 
the CTL clone A83, both specific for HLA-A2-prese n tcd pep- 
tide* derived from MART-l/Melan-A. Both T cell lines recog- 
nized the positive control melanoma cell 624, but not the 
PMl-Bl (1993) cell line (Table HI), Gene transfer of MART- 
l/Melan-A alone, or TAP-1 alone did not restore T cell recogni- 
tion. In contrast, DFG-MART-l/Melan-A retrovirally infected 
PMl-Bl melanoma cells, into which the TAP-1 gene was addi- 
tionally delivered by the bioballistic approach, were lysed by 
MART-l/Melan-A-specific TIL. The PMl-Bl cell line infected 
with a retroviral vector containing the HLA-A2 gene (DFG- 
HLA-A2) was not recognized by either effector CTL line. Based 
on these results, we concluded that in a melanoma resected from 
a patient in 1993 (compared to a lesion resected in 1987) there 
was (q) a loss of the immunodominant antigen recognized by the 
majority of HLA-A2- restricted and melanoma specific CD8+ 
CTL (MART-l/Melan-A), and (6) a lack of cytosolic peptide 
transport into the endoplasmic reticulum (ER), which is physi- 
ologically required for the assembly and transport of MHC 
class I molecules, as a result of impaired TAP-1 expression. 

Discussion 

Human melanoma cells typically express a number of "shared" 
antigens yielding peptide epitopes recognized by HLA-A2- 
restricted CD8+ cytotoxic T-lymphocytes. Such antigens are 
also shared among melanoma cells and their normal counter- 
parts, melanocytes (2-10, 23-27). Each of these gene products 
are encoded by normal, nonmutated genes, with mosi of them 
providing several T cell epitopes, e.g., MART-l/Melan-A 
(three epitopes), gplOO (two epitopes), and tyrosinase (two 
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SL^st?? . 7 ? ° 0011 SU5pcn51on > h ^ CEtcd frora P^nt PM1,B1 in 1987, and in 1993 served L controls. Expression of TAP.Tb 

PMl-Bl dK. no result «n Secant* enhaneed lysis of the autologous tumor (1993) by autologous TIL (data not shown). Km n ™ £ 

the MART-UMelan-A negative, TAP-1 + PMl-Bl melanomw cell lino. 10 recognize 
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epitopes) recognized by cytotoxic T cells. Recent studies re- 
vealed that 'private' tumor antigens recognised by cytotoxic T 
ceUs may result from mutated gene products; e.g., mutated 
CDK4 involved in cell cycle regulation (23). Such T ceU^efined 
antigens provide excellent candidates for the development of 
novel tumor vaccines capable of eliciting antitumor immune 
responses in melanoma patients . (6, 10) either in the form of 
native proteins or as peptide-based vaccines. Clinical trials im- 
plementing peptide-based vaccines have recently begun in the 
United States and in Europe. 

Tumor antigen heterogeneity, expressed as quantitative 
differences in CTL recognition has been previously described 
in human melanoma, but only from a single tumor lesion and 
only after cloning the tumor cells in vitro (29, 30). We have de- 
scribed the loss of expression of a defined immimodominarit 
antigen by a melanoma lesion in situ. Similar observations of 
antigen losses have been reported in murine models (31, 32) 
where elimination or downregulation of entire genes encoding 
tumor antigens was correlated with "antigen-loss" variants ex- 
hibiting decreased immuoogenicity and increased tumorige 1 - 
nicity, i.e., in the mouse mastocytoma P815 model described 
by De Plaen et al. (31) and Van den Eynde et al. (32). Howij- 
ever, in addition to the downregulation in expression of an enl 
tire tumor antigen providing peptides presented by MHG, 
more subtle changes may also occur. "Epitope-Ioss" variants 
induced by point mutations within a MHC class I-presented 
tumor antigenic peptide recognized by T cells may abrogate 
CTL recognition specific for the wild-type peptide (33). An ad- 
ditional mechanism for immune escape are point mutations 
within immunogenic individual peptides, which are still capa^ 
ble of binding to the proper MHC molecule, and still engage 
with the appropriate T cell receptor, but are capable of alter! 
ing the quality and magnitude of the triggered T cell responsi 
(34, 35). Alternatively, point mutations within a given peptide 
may simply abrogate the capability of that peptide to bind to 
its proper MHC restriction element and hence preclude CTL 
reactivity (36, 37), j 
A striking observation in these studies is that we could 
demonstrate anti-MARTVl/Melan-A-specific TIL from a mel-; 
anoma cell, which apparently lost expression of the MART-l/jj 
MeJan-A antigen. It is tempting to speculate that a vigorous' 
antitumor CTL immune response in vivo might facilitate thd 
generation of antigen-loss variants by eradicating tumor target- 
cells expressing the MART-l/Mclan-A antigen. Altemarivelyj 
the presence of anti-MART-l/MeJan-A~directed TIL might 
also reflect the high immunogenic^ of this particular antigen; 
Since the T cell precursor frequency in PBL in HLA-A2+- 
melanoma patients, and even in normal healthy volunteers ap-j 
pears to be surprisingly high (38). Of note, the FM1-B1 TllJ 
line recognized a single residual epitope (eluting in HPLCi 
fraction 37) presented by the autologous, tumor in 1987 audi 
1993 (Fig. 1 and Table II). This HLA-A2-aasociated T cell;! 
epitope appears to be shared by other HLA-A2+ melanoma { 
cells (see Fig. 1). 

Two observations appear to be of critical importance: (a) 
the immune system is capable of reacting against a "subdomi-? 
naut" epitope(s) (i.e., eluting in HPLC fraction 37 for PM1-B1 J 
1993) in the absence of the presumed immunodominant anti- 
gen presented by HLA-A2 (i.e., MART-l/Melan-A); and (b) \ 
this particular T cell epitope is presented in the absence of ', 
TAP-1; i.e., presumably independent of the requirement of } 
peptide transport from the cytosol into the ER. This phenome- j 
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non appears to reflect a common feature of the HLA-A2 mol- 
ecule, which has been reported to bind to leader-peptide se- 
quence* from various proteins, cleaved by proteases in the ER 
Such Icader-peptide sequences are independent of the active 
TAP-1 ATP-dependent peptide transport and represent a 
physiological mechanism of protein processing and "trim- 
ming" in the ER. One of the low affinity HLA-A2 binding 
peptides recognized by anti-melanoma-directed CTL has been 
reported to represent such a leader peptide cleaved during the 
physiologic processing of the enzyme tyrosinase in the ER (39). 

Recent studies from Ferrone and Marincola (40) suggest 
that downregulation of TAP-1 expression is relatively fre- 
quent, at least in a proportion of cells (25-50%) within mela- 
noma lesions. Alternatively, viral infection of human cells may 
lead to exclusive downregulation of TAP-1 (41, 42). TAP- 
independent peptide vaccines may be relevant in alternate tu- 
mor histologies where the peptide transporter molecules ap- 
pear to be frequently downregulatcd, such as in lung (18) or 
cervical (19) cancer and underscore the need for individual ex- 
amination of a patient's tumor lesions before immunotherapy. 
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Functional Dissociation Between Local and Systemic Immune 
Response During Anti Melanoma Peptide Vaccination 

Kang-Hun Lee,* Monica C Panellt,' ChrfeLa J. Kim,* Adam L Riker,* Maria P. Bettinotti • 
Matthew M. RodeiV Patricia Fetsch,* AndVea Abati,* Steven A* Rosenberg and 
Francesco M, Marin cola 1 * f 

Peptide vacation ag«lnst tumor Ags can induce powerful systemic CTL respond. However, in ih, majority of paints, no 

peptide, a smgle residue variant of gplOQ^ C209/g209.2M-reactrve CTL w* re id«il«i*d in but not pre- 
HlI r^nf T tlDg *^«** ,<tedtiM °^ P^omlnttrt CTL. clone (CL35), with TCR V^2,^cogn«in e £o9l 
T^Z^r*^ * Additional^, two autobus m^noma lines (F001TU-3 and -4) and 20 ^Tt^fSL 

vaccination Both PU01TU did not express gplOO and w*r* not recogniicd by CMS. Lo*3 of gplOO by F001TU routed with a 
marked reduction of ^IdO expression In the same metastatic lesion compared with pre>accin. T L uieflbctivenes of 0-35 
Jtt rrrT^ l? eiplableil by ,OSS ° f A * "Prison. Interestingly, 12 of 20 tumoMnfiltrating tympbo- 
T^Z ^ ,™T P ° W1TO bU lT° ne dem ° n$tr ^ g2O9/g209-2M reactivity, suggelting „ functional dissociation iZZ 
systemic and local immune response. This study suggests that vaccination effects must be analyzed in the target tissue, rather than 
in the systemic circulation alone. 7** Journal of Immunology. 1998, 161: 4183-4194. 

ported in the context of MAGE-3 peptide vaccination without 
stimulation of detectable CTL activity at the systemic level 
(Thierry Boon, personal communication), 

The development of peptide- based vaccination protocols for the 
immunotherapy of melanoma has given us the unique opportunity 
of comparing systemic T cell responses to a vaccine with local- 
ization and Btatus of activation of the same T cells in the target 
organ. 

We therefore wanted to establish a strategy suited for the anal- 
ysis of CTL response to vaccination at the tumor site. Utilising 
functional assays and TCR 0-chain analysis, we studied the in> 
mune response or a melanoma patient after tour cycles of 
vaccination with &209-2M peptide, a single residue variant of 
8pl00 20$<217 identified as one of the immunoaominant 
HLA-A*0201 -restricted CTL epitopes of gp!00 (3, 8 r 1 1). An in- 
depth analysis of T cell reactivity was undertaken in the peripheral 
circulation and at the tumor site, which revealed a functional dis- 
sociation beiwccn local and systemic immune response during anti- 
melanoma vaccination. 

Materials and Methods 

Cell lines 

The melanoma cell lines d24.38 (HLA-A'020 1/0301, 8*1402/- 
Cw*0702/0802) and 624.28 (HLA-A*030l/-. B*l402/-, 0**0702/ 
0802) were generated by limiting dilution from a metastatic lesion (m 
The coil line* 88S-MEL GiLA-A-01/2402. B *5V53 T Cw* 01 02/1201) and 
U02-MEL (HLA-A*020l/24, B'35/62, Cw*03/-> wcr* derived from 
other metastatic melunoma iesiona. SK23 MEL (HLA-A*010 1/0201 
B*0702/0501, Cw*0702/0702) tod A375 MEL (HLA-A*0 1/020]! 
B*17/~, C\v*06/-) melanoma cell lines wsro purchased from American 
Type Culture Collection (ATCC, Rockville, MD), All eel! lines were main- 
tained m compter* medium (CM) consisting of RPMl 1640 (Biofluid* 
RoclcviJle, MD) supplemented with 10 mM HEPES buffer, 100 U/ml pci^ 
icUlin^treptomycin (Biofluida), 10 jug/ml Ciprofloxacin (Bayer, West Ha. 
W ~'i°P % 003% ^S^™ 1 *" 5 Oiofluids), 0.5 mg/ml amphotericin B 
(Biolluids), and 10% heat- inactivated human AB scrum (Gemini Biomod- . 
ucta, Calabusas, CA). T2 (ATCC). a cell line defective of endogenous 
proccs&ing and expressing HLA-A*D20l (13), was used to test CT1,. specificity 



The identification of melanoma-associated Ags (M/lA) 2 
and their respective CTL epitopes has raised interest in 
peplidc-based vaccination approaches (1). Among MAA, 
MART- 1 /Mel an- A and gplOO/Pmel 17 (for which the respective 
CTL epitopes, MART-1 2 ^ (2) and ap!0Ca J0PH1 „ (g209)|C3), 
have been identified) have been noted to effectively induce CTL 
reactivity in vitro (4-6). In addition, clinical studies have ehjxwn 
that vaccination with MART-1^_ 35 and g209 can powerfully! en- 
hance specific CTL reactivity in PBMC (7-9), However, the »ya- 
teinie CTL response to the vaccine most of the time docs not 
correspond to clinical regression. 

Although the clinical response remains the ultimate therapeutic 
goal, it is a parameter of little value for the identification ofjthe 
reason tor the most common therapeutic failures. Evaluation of 
systemic CTL reactivity i 3 generally equated to Ihe level of im- 
mune competence toward a certain epitope, and os a consequence 
is used for the assessment of the effects of a vaccination protocol 
(10). Assessment of competence toward an : Lmmunogen, wjiilo 
yielding an accurate view of the systemic immune response to a 
vaccine, may not provide sufficient information regarding target/ 
host interactions at the site in which they arc likely to occur! In 
fact, clinical response, including complete responses, has becnjrc- 

: : ^— 

"Department of Transfiisicrt Medicine, Clinical Center. 1 SurBery Branch, uhd *iab- 
ofatory of Pftthology, Division of Clinical Science, National Cartcor Institute. jNa^ 
tionAl Institutes of Health, Bcthcsdu. MD 20892 i 

kixorved for publiwjlion May i, IP9S, Accepted for publication )iinc 19, 1998.^ 
The cosfj of publication of thti ftrticle were defrayed in pun by the payment of pW* 
chm-ges. Thi* article rmiM therefore be heriAy marked cckcriistmnt in aceonlence 
wflth 1 8 U.B.C. Section 1 734 uAuly io indicato ihi$ fact, 

' Addrcs^ cotttopcndcnce nud rephnt requests to Dr, F. M MarincnU nt Surgtrv 
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2 AbbrtVjatien» used in th« paper: MAA, txpiairam-auoriated nntigtn: cbR, 
complcmentflnry-dttefminins rcgi^m; Cm, complete medium; DHDA, diroei hctoo- 
dupfcx iw^ly*i$; FNA, fine needle asHiirale; rVV, recorehi^t vaccinia virus; TTL 
lum^-innltrsting lymphocyua. j ' 
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toward IILA-A*02()l^?iricted epitopes. 1520 TIL was expanded W rth tl,2 
.from ft metastatic lesion of nn HLA- A*0201 melanoma patient not previously 
exposed to vaccination. 1520 TIL naturally recognizes g20S. j 



Peptides 



All peptides wore produced by solid-phaac synthesis technique. 'Hie same 
SPl00^. 2l7 (e209) (ITDQVPF5V; Chiron Mimctopas Peptide Systems 
San Diego, CA), gp J00 iQP _., 17(2M , ( E 20p„2M) (IMDQVPFSV; Chiron Mi- 
motopca) and MART-l^, (AAGIOiLTV; Peptide Technologies, GaiuV 
ersburg, MD) produced for clinical uso were used for the in vitro sensiti- 
zation assays. The residue 2 (T to M) substitution in g209-2M enhances 
binding to IILA-A*0201, efficiency of T Cell induction in vitro (Uj, ami 
was, tor these reasons, preferred to the wild type for vaccination, \ 

HLA typing ■ 



HLA class I and II were determined on PBL or tumor cell lines tiainc 
ssqucnce-spocinc primer PCR (14). PCR was also used for molecular sub! 
typing of HLA-A2 (13). When nectary, the identity of some HLA alleles 
was determined conclusively by sequencing of cDNA. \ 

FACS analysis and inmwnocytochemistry \ 

Cell surface expression of HLA and other surface Ags (CDS, CT>*j was 
determined by flow cytometry. Intracellular staining for the detection of 
MAA was performed by fixing cells in 200 ui of acetone for 10 min at 
room temperature before staining with the primary Ab (Id). The following 
mAba were used: WG/32 (Sera Labs, Westbury. NY) specific for a mW 
morphic determinant of the HLA class I heavy chain (1 7y, IVA-I2 (ATCC) 
for HLA class H; KS-I (IS) for HLA-A2, (FITC) anti-human CD8j snd 
(FriC) anti-human CD4 (PharMin^en, San Diego, CA); and anti-M^RT- 
1/Mclan-A murine [g02b (M2-7C10) (16, 19) and aTrti-Pmell7/gp?r)0 
mAbHMB45 (Enzo Diagnostics, Faxmingdale, NY). Cytospin prcparaiioiiii 
of sequentially obtained FNA material were fixed in acetone and stained 
with the some mAbs used tor the FAC5 analysis, wiUi the exception of 
HMB45 tHiogenex. San Ramon, CA). For secondary staining, biotinyfated 
goal anti-mouse IgG (Kiitegtard & Perry Laboratories, Grithcnjburg, kl>) 
was used, followed by avidin-biotin-peroxidaae (Veetasin £lit* Kit Vector 
Laboratoiies. Burling^me. CA) (16). \ 

Preparation of dendritic cells (DC) and in vitro CTL cultures 

Autologous DC utilized for in vitro sensitization of CDS* T cells were 
prepared as previously described (20). PBMC were separated from blood 
by centrifugation On a Ficoll-Hypaquo gradient, incubated for 3 h at 37*C, 
And, after removal of nonadherent cells, cultured for 5 days in CM with 
1000 ItJ/ml IL-4 (PcproTcch, Rocky Hill, NJ) and 1000 JU/mi GM-CSF 
(PcproTeeh). On day 5. detached DC were harvested and used for stimu- 
lation cither by peptide pulsing (1 u^/mt g209flX: or g20p-2M/DC> or by 
infection With recombinant vaccinia virus (rW-MART/DC) (Therion Bio- 
logics, Cambridge, MA). CDS**" celts were isolated from PRMC by posi- 
tive sepuration (Dynabeads;, DynaL Lake Success, NY). A total of 4 X k 0 s 
CD8 cells/well was cultured in a 24-well plate with 1 x 10" DC Afoer 
24 h and every 2 days thereafter. 300 lU/mJ 11^2 was added to the cultures, 
After 7 days, the cultures were restiniulatcd with rVV-MART-l/DC, g209/ 
DC, or 6209-2M/DC and maintained in 11^2 for another week. On days 7 
and 14, the cultures were tested For Ag recognition, j 

Cloning of CTL by limiting dilution j 

After the second testing for MAA recocjution (day 14 of culture), CTJ., 
cultures were plated at 100. 10, and 1 cell/well ratio in Sd-well iouno% 
bottom plates with 5 x 10* irradiated (50 Gy) donor PBMC and 1 X flD 4 
irradiated (100 Gy) EBV-B cells in 200 uJ CM supplcrnented with|30 
ng/inl OKT3. After 1 day and every 2 to 3 days thereafter, 300 ILVml JU2 
was added for 14 to 21 days. Clones were then tested for MAA reactivity, 
MAA-spccific clones wore restbnulated and expanded in T25 flaskx 
(Coslar, Cambridge. MA) with 2.5 X 10* donor PDMC and 5 X 10/* 108K- 
EBV-B celts in 25 ml CM with 30 ng/ml OKT3 and IL-2. Aflcr in vtht> 
expanaion, the cultures were retestcd for specificity and analyzed ffor 
Clonality by TCR p PCR. directed heteroduplex analysis (DHIMX and 
sequencing. j 

In vib o expansion of TIL and autologous tttnior from FNA j 

Using a 23-gange needle, cells were aspirated from a metastatic IcaioJof 
patient F001 and plated immediately in CM. For TIL expansion, total cells 
were counted and phitcd in 24-wcli plates (of 4 X 10* cells/well) in the 
presence of 6000 IU/ml IL-2. After 2 wk. the cultures were further ex- 
panded in T25 flasks. For expansion of tumor cells, culture conditions were 



MONITORING OF FEPTIOE-BASED VACCINA HON 

identical to TTL cultures, with the exception of JL-2. The F001TU autol- 
ogous cell lines were totally HLA class J and II matched to the phcnotYpe 
01 patient F001 and had electron microscopy and karyotypes charocier- 
istics consistent with malignant mebnomu. 

Assessment of Ag recognition hy CTL and TIL 

JW-y relemte assay. A total of 1 x 10 3 effector cells Wtus plated with 5 x 
ltr stimulator cell* in Powell round-bottcmi plates in 200 u.1 CM After 
24-h incubation at 37>C, tlic ptates were cenlrituged and the supcxnatanl 
was harvested for anaJysis by ELISA (Endogcn, Cfunbridge, MA). IFN^v 
IS reported m pg/ml IFN-y secreted by 3 X 10* etTcctor cells in 24 h. 
Calcem-AMJtuoracent cytotoxicity asst^y, A total of 10 d target cells/well 
was incubated with 15 oJ Calcein- AM (Molecular Probes, Eugene, OR) for 
fli^rescftit labeling. After 30 min, aJl targets were washed three times in 
<~M and plated tn triplicate in 96-weU flat-bottom plates at 3000 target 
cells/100 ^ Effector cells were harvested and added to the tarcet cells at 
Hayratios of 10:1, 2.5;L U nd 0.623:1 in 100 ^ CM. Tlic plates wcro 
cwtnfliged ai 500 rpm for 3 min. After 3 h at 37°Q 5 u.1 of FlucroQuench 
(One Lambda, Canoga Park. CA) was added to each well to extinguish 
background fluorescence. The ptates were centrifuged, incubated for an 
additional 60 min, and then scanned on a nuorlmagcr 395 (Molecular 
^amics^ Sunnyvale, CA). Fluorescence was quantified using Image- 
Qikint software (Molecular Dynamics). Lysis was calculated using the fol- 
lowing formula: (1 - [experiments] fluorescence - background fluores- 
cence]/[tsrget only fluorescence - background fluorescence]) X 100. 

RNA isolation and cDNA syndesis 

For RNA isolation, cells were either taken directlv from cuhuro or if 
frozen, ailcr overnight cuhuro to allow recovering of physiologic cell me- 
tabolism. RNeasy mini or midi kit (Qiagen. Sunia Clarita," CA) was used for 
all RNA isotaiions. The RNA was cluied with water and stored at ~70°C 
For cDNA synthesis, about I /.tg of total RNA was transcribed with the 
Superscript pre iwip lincat ion system (Life Technologies, Gaithereburg, 
MD) using the oligo(dT) primer. cDNA was eluted and stored at -25"C. 

TCR Vp PCR and clone-specific PCR 

A set of 33 primers was selected to amplify 45 ftmctional V^. Each primer 
mix was composed of 10 X PCR buffer, 1.5 mM Mga 3 . 200 /iM dNTP 
1.25 U AmpliTaq Gold, 0.5 ^1 cDNA, 0.3 ^ primer, 0.5 /iM TC-1 
constant region primer ( AYACCAG7CTGOCCTJTr), and water up to 20 
u4 final reaction volume. A total of 10 }l\ of Kght mineral oil covered the 
reaction mixture, and PCR was run using the following protocol: initial 
activation of the enzyme at 94°C for 9 min; 10 high-stringency cycles of 
94 C for 30-s denaturatioiv 65*C tor 1-min annealing, and 72°C for l-niin 
elongation: 20 lew-stringency cycles of 94°C for 30 s, 6WC for 1 min, and 
72°C for 1 min; and final extension at 72^ for 10 min. The following 35 
primore were used for the V0 region: TV2 CGAGT1TCTGOTTTCCTTTT 
for V/522sh TV3-1 ATTIX^rGAAGATAATOTTTAGC for Vfi9sl' 
TV4-1 GAAACjCTAAGAAGCCACCG for V/?7ftI; TV4-2G TACAAO 
CAAAGTGCTAAGAAGC for V/87s2, 7s3; TV3-I GCCTTCAGTTC 
CTCTTTGA for V^5sl; TV5-4/5/6 GGCCCCAGTiTATCTTTC for 
V/55S2, 5s3, 5s6; TV5-8 TrcACnTCCTCCTTTGGTATG for V^s4; 
TV6-1 TGGOACTGAGGCTOATTr for V^13s3; TV6^2/3/5 GGCT 
GAGGCTGATTCATTAC for V013sl. 13s2; TV6-4 GGCJAAGGCT 
CATCCATTAT for V/3l3s5; TV6-6 GOCTOAAGCTOATTTATTAT for 
VjS13s6i r rV7-2/3 GA GTiTTTA ATTTACTfCC AAGGC A for V66al 
^s5; TV7-6/7/9 CtXXAGAGTlTCTCACTrACTTC for V/36s3. 6*4,6**, 
TV7-S GGCC AG AGTTTCTG ACTTATT for Vj86s2: TV9 CCTCCAGT- 
TCCTCATTC AG for V01sl ; 1^10-1/3 GGCTGAOGCTGATCCATTAC 
for V0l2sl, 12s2; TV10-2 CAlXJGGCTGAGGCTGA'fCTA for Vfil 2sl: 
TVU-J GAGC'tTCTGGlTCAATTTCA for V0218]; 1^11-2 
CCAAAGCTKTJ'GATfCAGTr for V(32ls3; TVIl-3 C3AGCTTCTGAT 
TCGATATGAGA for V021s2; TV 12-3/4 GGACTGOAGTTGCTCATTT 
for V/3&1, 8s2; TV12-5 CAGACAGACCATGATGCAA for V68s3t 
■rvi3 OCCAQTFCO'CATTTCGTT for V^23sl; TVI4 # jt:GACGTOT 
TATGOGAAA for V^lost; TV15 CAAAGCTGCTG1TCCACTACTA 
for V024al; TV16 GGTCCTGAAAAACGAGTTCAAG for V025sl- 
TV18 GGTCTGAAATTCATGGTTTATCT for V01Ssl; TV19 GACAO 
GACCCAGGGCAAO for V/317sl; TV20-! ATGCTOATGGCAACT 
^nCCA for Vj32sl; 1V24-1 CCTACC50TTGATC1'A7TACTCC1T for 
V/315sl; TV25.) CTAC ACCTC ATCC ACT ATTCCtA for VSUsl; 
TV27 GGGCTTAAGGCAGATCTACT for V/314sl; TV28 GGGCTACG 
GCTGATCTAITTC for VjEOsl; TV2^-1 CACTGATCGCAACTC3CAA 
for Vf34sl; and TV30 CCl'CCAGCl^CCTCTTCTA for V02Ofit. 

After PCR, 6 uJ of the product and 3 ^1 of bromphenol blue-loading 
buffer were mi*ed and riui on a 1% agarose gel for 45 min at 150 V The 
gel was stained with Vistm Green (Amersham Life Science, Arlington 
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Heights, JL) 1/10.000 dilution in IX TBE for 50 min and analyzed 
Fluorlmagcr 595, 

Directed heteroduplex analysis (DHDA) 

V/S-apccilic DHDA was established by a modification of a previously de- 
scribed technique (21), From a donor CDS"" coll pool, a TCR with If (36*2 
was amplified using TV7-8 and TC-1. Tl« PCR product wa * clonoU into 
pCR2.1 plasmid (TA-cloning kit; Invitrogen, San Diego, CA) and se- 
quenced lo ensure the correct V0. From this reference sequence and from 
CI -35, probes were generated using 6^C4rboxyflu<)resoein- labeled! TC-1 
primer. PCR was performed to obtain the frogmen* of the samples and the 
probes for DHDA To chelate the Mg, 0.2 X vol of 25 mM EDTA was 
added to the probe, The hetcroduplex generation woh done with 2 uj of the 
sample PCR product and 2 /J of the probe by denahirating at 96 d dfor 5 
min, then cooling rapidly to 50*C> and rcnaturalmg at this tempeniutre for 
45 min. The samples were mixed with 2 u-1 of loading buffer/Prism 
Genesean-50O TAMRA size marker (ABI Perkin-Elmer. Foster City CA) 
and loaded on a native gel (4% bia-acrylamide:acrylamidc 1:10). Tlie gel 
was run in an ABI Sequencer 377 at 5Q°C for 2 h, The result was analyzed 
using the CeneSciin software (ABI Perfciiv-ElmerX 

Sequencing of the TCR fi-chaln 

The TCR 0-chain of CK?5 was amplified with TC- 1 and TV*™ usin^ Pfu 
polymerase, and the product was cloned into thc'TA vector. Sequences 
from both directions were obtained from five bacterial clones using the 
ABI PRISM Dye Primer kit and the ABI PRISM 377 DNA Sequencer} The 
sequences were analysed with the ABI software, Sequence Analysis and 
Sequence Navigator, The Vp6s2 PCR product* of the Other 16 culture! that 
were analyzed for clonal identity were sequenced directly from PCR prod- 
ucts using ABI PRISM Dye Terminator kit The sequences of the RS-i 
and F001TIUP were also obtained directly from PCR products uaina 
TV12-3/4 and TV4-2/3, respectively. j 

Direct PCR arid nested PCR with clone-specific CDR3 primers 

Clone-Specific TCR /3-chain primers were derived from the sequence of the 
CDR3 region of CI -35 (C35-2 CAT CC5CCCCGCTCCCCCCAG)! and 
F001TTL-9 (TPO AACtAACTGCTCATTOTACxTAAOTA). The direct 
PCR used the primers TV?* and C35-2 for the amplification of the Cll -35 
TCR ft and TV4-2/3 and T9-2 forme Amplification of F001TTU9 TCR /3. 
The reaction mixture whs composod of 10X PCR buffer, 1.5 niM Mgjcii 
200 nM dNTP, 1 .25 U AmpliToq Cold, 0.5 uJ cDNA, 1 ui each primer (10 
and water up to 20 ui. A total of 10 /J of light mineral oil covered 
the reaction mixtures, and PCR was run as described for TCR £ PCR. A 
total of 0 /4 Of the PCR product and 3 of bromphoool biue-loa&ng 
buffer were mixed and run on a 1% agarose gel for 45 min at 150 Vjlhe 
gel woa stained and analyzed as described for TCR 0 PCR. To control for 
the relative amount of T cells, a Cot control was- run with the primers 
TAC-Fl (ATATCCAOAACCCTGACCTX3C) and TCA-R1 (GCTTjTTC 
TCOACCAOCTTGACATC). For the nested PCR, an ampUficali on using 
the oxteniul primer RTV7-2 (ATCACACAGGROCTGGAGT) for Ci-35 
and RTV4-2 (ATGGAAACGOOAOTTaCG) for.F001TIL-9 was [per- 
formed before the clone-specific amplification. Alter the first amplification, 
tlie PCR product was diluted 1/5 with water, and from the dilution i /J 
used for ihe second amplification. The second amplification was done as 
described above for the direct PCR. J 

Results 

Patient r s history 

A single legion from a patient with metastatic melanoma (F001) 
undergoing vaccination with g209-2M peptide was followed. The 
protocol was approved by Institutional Review Board of National 
Cancer Institute. The patient's HLA class I phenotypc determined 
by sequencing was A*020l/0301, B*O702/0801, Cw*070'l/0fe 
After two vaccinations with g209-2M in combination with tL-jl2, 
an initial reduction of the tumor mass was observed on physical 
examination and radiographic evaluation. PBMC were col leered 
before and after vaccination. Within 1 mo, tlie Tumor mass becainc 
unresponsive to further treatment and progressed in size. At Ails 
point, a FNA of the mass was performed for analysis of tumor cells 
and TIL. i 
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FIGURE J. MAA-speciflc reactivity of CTL bulk cultures from pre- 
and postvaccinotion PBMC. After 2 wk, CTL bulk cultures were tested for 
IW-y release in response to T2 alone (gray bars) or T2 pulsed with 
MART-l a , OJ (open bars), g209 (hatched bareX or £209-2M (filled bars). 
MART-1 effectors, CTL culture stimulated with rW-MART-l-infeetcd 
: autologous DQ g209 effectors, CTL culture stimulated with g209-pulsed 
autologous DC; g209-2M effectors, CTL culture stimulated with g209-2M- 
pulsed autologous DC. These results are representative of three indepen- 
dent experiment*. 



; In vitro reactivity to g2Q9 and g2Q9-2Kf is observed only in 
postvaccination CTL cultures 

Cultures of CD8 4 * cells from pre- and postvaccination PBMC were 
generated using autologous DC either intcctcd with rW-MAA or 
loaded with 1 ^g/ml g209 or g209-2M, When tested for MAA 
recognition after 2 wk in culture, no reactivity to g209 or g209-2M 
could be delected in pre vaccination cultures, whereas postvneci- 
nation cultures demonstrated a strong sensitization against the nat- 
ural as well as the modified gplOO epitope (Fig. I). Although the 
patient had not been exposed to exogenous administration of 
MART-]. MART- 1 reactivity could bo equally observed in pre- 
and postvaccination cultures. This is not uncommon, as naturally 
occurring MART-l-specific reactivity can be readily detected in 
the peripheral circulation of MLA-A*0201 -expressing melanoma 
patients (4). 

A predominant CTL clone recognizing g209 coxd g2Q9-2M is 
observed in postvaccination CTL cultures 

CTL clones were raised by limiting dilution from postvaccination 
CTL cultures induced in vitro, Cloning efficiency was about 100, 
30, and 10% for the 100, 10, and I cell/well plates, respectively! 
Proliferating wells were tested for recognition of g209/g209-2M. 
From all g209/g209-22vtreaclivc 10 and 1 cell/well cultures, 25 
clones were randomly selected lor further expansion. After 2 wk of 
expansion, 18 of 25 cultures induced with g20°-2M-pulsed DC 
maintained their specific icactivity. To assess the clonality of these 
J 8 cultures, TCR 0 PCR wa« performed for a general overview: 1 7 
of the 18 culture* showed a common strong band in V/36s2 (Fig. 
2/i). Among these, all 12 cultures expanded from the 10 cell/well 
plates demonstrated additional weaker bands specific for other V0 
families, whereas no other bands were observed in the five cultures 
from I cell/well plates, suggesting the purity of these clones. To 
detcmiine whether the V/36b2 bands represented the same TCR or 
originated from a different TCR utilizing the same Vp, DHDA was 
performed with the V06s2 PCR products from the 17 samples 
(Fig. IB). When an irrelevant TCR 0 with V06&2 from a healthy 
donor was utilized as probe, all 17 samples showed a single het- 
eroduplcx band that migrated with identical delay relative to the 
homoduplex band. This indicated that the samples contained only 
one TCR and that the mismatches between the sample TCR 0 and 
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FIGURE 3. Sequences of TCR /3-dwiiu around the CDR3. These so. 
OUencc data aw available from GenBank: F001 Cl-35 Wider accession 
number AF037S65. 1520 H.3-1 under AF037566, and FOOl m-9 under 
i number AF037567. 



the probe were similar, if not identical, among the clones. To ya]» 
idate the identity of thcBc clones, one of the sample TCR 0 Was 
labeled and used as probe against all other samples, With this 
probe, only a homoduplex was detected in all samples. These data 
strongly suggested identity of TCR 0 among the clones. The iden- 
tity of the 17 TCR /3-chains was verified additionally by sequenc- 
ing each of them (Pig. 3). Thus, a predominant g209/g209-2M- 
specific clone expanded by the g209*2M vaccine wa$ identified. 
For functional studies, one clone (Cl-35) was selected as repre- 
sentative of the g209/g209-2M-rcactive CTL population. The l&th 
clone (C 1 0-80) included in the TCR 0 PCR analysis showed only 
a faint Vf&&2 band and two strong bands in other V£. 

Hie predominant clone Cl-35 recognizes naturally processed 
g20P on rfL4-A*020l~matched melanoma cell lines, and 
demonstrates a lower avidity of TCR epitope interactions 
compared with a naturally occurring g209-specipc TIL clone 
Cl-35 was able to lyse HLA-A*0201, gplOO-expresfiing moL 
noma cell lines, including 624.38 MEL matched at three alleles 
QH,AA m 0201/0301, -B*1402, *Cw* 0702/0802), 526 MEL ajid 
1102 MEL matched only at HLA-A*0201, but could not lyse The 
totally mismatched 888 MEL. Furthermore, the HJ^A-A^O j -ex- 



pressing, gplOO-ncgative F001TU-3 autologous cell line was in- 
sensitive to lysis by CK35 (Fig. 4.4). Upon stimulation with other 
HLA-A*0201-mntchcd melanoma cell lines, Cl-35 was noted to 
secrete IFN-y only in response to some targets characterized by 
high expression of KLA-A*0201 and gplOO (Fig. 45), As the abil- 
: ity of Cl-35 to release IFN-y when stimulated with HLA-A*020l- 
; matched tumor lines could be dependent upon the avidity of TCR/ 
; epitope interactions (22), epitope density requirements for iFN-y 
: release were compared between Cl-35 and a clone (H.3-1) from 
1520 TIL. This TTL was derived from a metastatic lesion of a 
• dificrent patient not previously exposed to epitopc-spccific vacci- 
nation, and is characterized by high avidity interactions with 
gpl00/HLA-A*O2Ol-expressing melanoma cells. Loading T2 cells 
, with decrcmental g209 or g209-2M doses, the epitope density 
needed to activate tFN-y release by the two clones was compared. 
: Although both were sensitive to stimulation, a 50- and a 100- fold 
tower concentration of g209 and g209-2M, respectively, were 
; found to stimulate comparable amounts of IFN-? release by H.3-1 
■ compared with Cl-35 (Fig. 4Q. Apparently, the g209-2M vacci- 
nation had induced and expanded in vivo a CTL clone with an 
: avidity for its target that was lower than the one observed in a 
naturally occurring g209-.<jpccific TIL clone. As a consequence, . 
Cl-35 could recognize some, although not all, gplOO-exprcssing, 
HLA-A'0201-matched melanoma cell lines recognized by H.3-1. 

Development of TTL and autologous tumor cells by expansion of 
FNA material 

.Progressive tumor growth could have been due to lack of CTL 
localization at the tumor site, despite the presence of g209-spccific 
CTL in the peripheral blood. To examine molecularly and func- 
tionally whether CK35 was detectable at the time of progression, 
we performed a FNA of the growing metastasis at the moment of 
;c]inicat progression. From the FNA material, expansion of TIL 
|(IL-2, 6000 IlJ/ml added to CM) and autologous tumor was at- 
tempted. Twenty separate TEL cultures (F001TIL-1 to -20) and two 
tumor cell lines (F001TU-3 and -4) were generated. 

TCR fi-chain repertoire in PBMC, immune CTL and TIL 
To characterize the TCR repertoire in the PBMC, CTL cultures, 
and TIL, TCR p PCR with 35 V^spccinc primers for 45 func- 
tional V/3 waB performed (Fig. 5). CD8+ T cells from pre- and 
postvaccination PBMC showed a broad usage of V0 with bands in 
23 of 35 reactions. Postvaccination g209 CTL cultures showed 
Jittle variation compared with the PBMC with losses of bands in 
V08s3 (lam 7), Vj313$3 (lane 29), V^13sS (W 3ff), and Vj31sl 
(lane 55). and relatively denser bands in V021s3 (lane 4), V/51 5s 1 
(torn? 16\ and V06s3/6s4/6s6 (lane 33). Postvaccination g209-2M 
CTL cultures presented a denser band corresponding to the V#5s2 
(lane 34) chain utilized by the majority of the CTL clone* ex- 
panded from the bulk culture, suggesting that Cl-35 TCR expan- 
sion was not an artifact related to the cloning conditions. Cl-35. 



FIGURE , 1. to*y** of clenuuty by TCR £ PCR and DHDA of fi cuttures. A, TCR 0 PCR for 18 ^OS-reactive CTL clones generated by limiting 
dOutien of£09-2M-mdu«d r^accinatioii CTL cultures from patient PD01. Each circle represents o strcng band; weak bands are not included. Cultures 
wlOi two strong bands are mdicated with superscript numbers; circles with the some number belong to the same culture. FB CTL ^ limiting diludcn 
^ S T 11 ^ t0 F ° 01 CTL ftoan PBL ° f * melflnoma P^T Who had ™« As-specific vaccination. In this case, the TCR B usage 




ClOS alMC. The two panels of eleclrophorogrsms below the gel display result,, of computer analyses for individual lanes. In the kft zwlwt i om \ )S 16 
Vl" »if ov l^jhOWa The right pen* exemplifies howTdiffc.^ clones presenting identical bands in the TCR f) PCR can be distinguished 
by DHDA. Three of four FB CTL done, with V/3l3s3 (see A) were aLlysed. The hotetoduplexe, oftwo (middle and bonom) mi^ideSTbut 
one (top) migrated significantly faster, proving this clone to curry a different TCR 0. uenucimy, mn 
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FIGURE 4. 



u _ . , Recognition of tumors by Cl-35 and F001TIL-9 and factional avidity analyais.,4, Calcein-AM cytotoxicity assay of C1-3J compared with 
H 3-1 a clone ^ a ntfuroHy occurring HL culture (1320 TIL) Agnizing ^QO/g^M. Lyats of Cal^inTAM-laWcd Jgets wol mt^TatT 

(♦), 624M MEL (A) lines; the HLA- A* 0201 -/gp 100 + 888 MEL (A) and the autologous gplOO- F001TU-3 (Ol 5 flFN ly re c«e a^ay of CI 35^ 
m.9 from patxent Wl^pared with 1 320 CTL and 1520 TIL. Targets include thl HlXc^OTOS-matchcd lines 62438 1&S5* S 
MEL, and autologous « F001; the H^-^0201- matched, but not CwWO^ched, 1102 MEL and A 375 MEL; and the totally .iSSbSK? 
IFN-y release by Cl-35 (») and H.3-I (D) after incubation with T2 cell, pufced with 10-fold dilutions of MAA peptides ranging from 10*0 0001 Shd 
Results arc representative of three independent cxpefimenla. W 



representative of all other related clones, showed a dominant band 
corresponding to V06s2 (W 34). Faint bands for V/313sl/13s2 
(lane P), V0l7sl (/awe V014b1 (tone /fl), and V03sl (tone 
19) were not detected with crhidium bromide staining, but only 
with the more Hensitive Viatra Green staining, and were regarded 
as trace contamination. C10-80, the only clone of 18 that did not 
present a dominant V06s2 (only a weak band in lane 34\ was found 
to have predominantly V/38sl/S&2 {lane 6) and : V022s] (Jane 
The FNA, which represents ihc local TCR 0 repertoire of the lesion, 



displayed bands for V/313sl/13s2 (lane P), V017sl {lam 14) 
V014sl {lane 18\ V04sl {lam 20\ V07sl {lane 24). V07S2/7s3 
(lane 25), and V/36*2 (lane 34). Due to low amount of 1<NA from the 
FNA material the intensity of the bands was much weaker, and it 
cannot be ruted out that other V/3s were mjaacd for technical reasons. 
When F001TIL-9 was tested, it appeared to be almost pure, with only 
a feint band for V/36$2 (lane 34) t besides the dominant band for 
V/37s2/7s3 (lane 2$). Taken together, the monitoring of the TCR 0 
repertoire of different original and in vitro culture samples allowed a 
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general overview of the changes and clonality status. For example, 
based on TCR 0 PGR alone, cultures such as C 10-80 could he iden- 
tified as not clonal. This method, however, could not provide any 
information about the composition of a band, nor could it tell whether 
the same clone wan responsible for corresponding bands in different 
samples. For the former limitation, DHDA and sequencing were ap- 
plied as described above, and for the latter, clone-specific PGR anal- 
ysis was performed. 



Clone-specific analysis reveals that Cl-35 expanded specifically 
in response to vaccination and localized at tumor site 

To assess the presence of clone Cl-35 TCR to the ditTerent sam- 
ples, clone-specific PCR was performed using a primer for the 
CDR3 region of the Cl-35 TCR /3-chain. The direct PCR clearly 
detected the clone in the g209-2M bulk oulture from which the 
clone was derived. In addition, weak bands were visible in the 
pOtitvRccination PBL, g209/g209-2M cultures, FNA, and F001TIL 
(Fig. 6). To corroborate this result, a nested PCR consisting of a 
V^-specitic first amplification and a clone-specific second atnrjli- 
fication was performed. The results of the nested PCR confirmed 
the bands in the posrvacci nation samples, while all prcvaccinatiort 
samples remained negative. By cJonc-specifjic analysis, F001 TTL-9 
could be detected only in TIL cultures, but not in the FNA from 
which it was expanded. This sensitivity limitation could not [be 
overcome even by nested PCR (Fig. 6). Several unsuccessful at- 
tempts to tailor the PCR conditions to this specific reaction sug- 
gested that F001TIL-9 was present in minor proportion in vivo, 
although was readily sensitive to the proliferative stimulus pro- 
vided in vitro by high dose IL-2. A panel of C region ft-ohain 
(C-a) amplifications was* run along with the direct amplification! to 
make semiquantitative assessments of the PCR results. Consider- 
ing the low signal intensity for the C-a and the stronger signal for 
eJonc Cl-35 TCR 0-chain in FNA compared with the postvacci- 
nation CDS" PBL preparations, the technically inevitable contam- 
ination of the FNA with peripheral blood is unlikely to solely 



account tor the Cl-35 TCR 0 signal detected in the FNA. These 
date suggested that lack of localization of Cl-35 at tumor site 
could not explain the regained tumor growth. 




FIGURE & Cleno-specific analysis by CDR3-sj>ccific PCR. Cl-35 di- 
rect, clone-specific PGR with CDR3 primer specific for Cl-35 TCR /3; 
Cl-35 nested, nested PCR for Cl-35 with first ainpiifluuUon using the 
constant primer and external VjS primer and second amplification identical 
to the direct PCR; T1L.9 direct, clone-specific PCR with CDR3 primer 
specific for TTL-9 TCR. 0; TIL^9 nested, nested PCR for TIL-9 with first 
amplification using constant primer and external V# primer and second 
amplification identical to the direct PCR. Co control* amplification Of Ca 
fragment to aj^ess tlx? amount of T lymphocytes in the samples. RNA 
samples were obtnined from purified CDS* preparations from PBMC ob- 
tained before (CDS-Pro) and after vaccination (CDS-Pout), CTL cultures 
induced from the lane CDS* preparations with g20<?-pul*ed DC (g209-Pre 
and g209-Post» respectively), or g209-2M-putscd DC (g209-2M-Pre and 
p209-2M-Post, respectively). RNA wag also prepared from Cl-35 and 
F001TDV9 CTL (as controls) from the posrvaccimuion FNA from which 
the reagents described in this study were obtained (I^NA), and from J 520 
PBL as a negative control PBL from a different melanoma patient. 
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MGURE 7. Recognition of peptic -pulled target? and tumoni by 20 TIL culture? developed lrom a FNA Twenty TIL Culture* developed from a FNA 
opined from a progvesmnfi lesion post- g 209-2M vaccination wer« tk«d for IFN-y rdeure in response to MART- 1^ „ or ^-pulsed T2 cells and in 
respond to a HLA-mntched melanoma 624,38 MEL (matched at HLA-A'020 1.0301 and -Cw*0702). The melanoma cell line 8tt 0tt MEL) represented 
a totally HLA class I- and clan? Jl-mismulchcd negative control. j 



Postvaccination TIL cultures from FNA of die progressing 
tumor show reacth>ity to the tumor, hut fail to recognize » 
g20Wg2Q9-2M * ' j 

From the FNA material, two autologous tumor cell lines 
(F001TU-3 and F001TU-4) and 20 separate TIL cultures wore 
generated. The TIL cultures were >95% CD8"" and were testedlfbr 
recognition of g209 and HLA-matched tumors (Fig. 7). Surpris- 
ingly, none of the 20 TIL cultures recognized T2 targets pulsed 
with either g209 or g209-2M TIL were also unable to recognize 
other known HLA-A*0201 -associated MAA epitopes, including 
MART-l a9LM (2. 3, 23-25). However, 12 of 20 cultures could 
recognize autologous as well as other HLA-B*07Q2- and HIjA- 
Cw*0702- matched melanoma targets, but not the autologous 
EBV-B nor other matched nonmelanoma cells. To exclude ihc 
possibility of a transplantation Ag reaction, I-ILA typing of tlL 
was performed and found to be identical to the patient's (A*020l/ 
0301, B*07Q2/0801, Cw*070 1/0702). Attempts to expand TIL 
populations from the FNA with OKT-3 and feeder cells (as used 
for cloning of CTL) also failed to generate g209/g209-2M-reacti vc 
TO, (d«ta not shown). Thus, Cl-35 and F001TEL-9 demonstrated 
a functional dissociation in epitope specificity between rcagchts 
obtained from the peripheral circulation and those obtained from 
the tumor (Fig. 4B). i 

i 

Analysts of FNA material and of cultured autologous tumor j 
reveals toss of the gplOO Ag after vaccination with g209-2M j 

As noted in Figure 4^, Cl-35, 1520 TIL, and its high avidity 
clone FL3-1 failed to recognize F001TU-3. These findings sug- 
gested loss of either HLA-A*0201 or gplOO expression by the 



autologous tumor. FACS analysis of F001TU-3 and -4 demon- 
strated loss of gp 100 expression and retention of expression of 
HLA-A*0201 (Fig. %A). Sequencing of F001TU-3 cDNA ruled 
out mutations of the HLA-A*0201 heavy chain. Because of the 
possibility that F001TU-3 and -4 had originated from rare cells 
in the FNA material not representative of the tumor, cytospin 
preparations from the original FNA were analyzed by irnmu* 
nocytochemistry and compared with FNA material obtained 
from the same lesion at various lime points. This analysis coj> 
firmed a marked decrease in gp 100- expressing cells postvacci- 
nation (Fig. 8£), while the expression of HLA-A*0201 re- 
mained unchanged. Indeed, while gplOO was detectable in 
>75% of tumor cells in the prcvaceination FNA, Jess than 5% 
of cells expressed gplOO postvaccination (Table I). MART. I 
expression was not affected by the vaccination, although anal- 
ysis of F001TU-3 and -4 revealed decreased expression of this 1 
MAA. Impression of HLA-A*020l was similar in all FNA an- 
alyzed. Although Cl-35 and H.3-1 could not naturally recog- 
nize F001TU-3 and -4 (Fig. 4, A and B), exogenous loading of 
peptide on F001TU and other HLA-A*020t melanomas not rec- 
ognized by Cl-35 could stimulate IFN-y release (Fig. 9). These 
data suggest that the poor recognition of autologous tumor by 
Cl-35 and H.3-1 was due to inadequate epitope density on the 
cell surface rather than abnormalities of the HLA-A2 heavy 
chain or killer inhibitory rcccptor-HLA interactions (26). Thus, 
tumor escape from peptide vaccination was associated with se- 
verely decreased expression of target Ag by the tumor, which 
led to proliferation ot a cell population not recognizable not. 
only by the intermediate avidity CTL elicited by the vaccina- 
tion, but also by high affinity CTL effectors, 
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FICIJKK a Analysis of HLA-A2 and 
MAA expression by- F001TU-3 and 
POOI TIM melanomas. F001TU-3 and 
F001TIM were analyzed by FACS for tlw 
expression of HLA-AZ MART- 1, and 
gplUQ Aps. Tumor cells were mined with 
mAbs specific forth© HLA-A2 (KS1 (18)), 
MAfcT-1 (M2-7C10 mAb (19)), and gplOO 
(HMB-45). The HBV-B cell tine 388 and the 
melanoma coll line SK23 were used as neg- 
ative and positive controls for the expression 
of MAA and HLA-A2, respectively, B, Iln- 
numocytochemical nnaly»ia of H1^A-A2 and 
MAA expression in FNA obtained pre- and 
posrvaocination with 209-2M peptide. Cylo- 
^pift preparations of FNA malcrial obtained 
from a mtitastasiB pre-g209-2M vaccination 
(H» C J5) and from Iho same progressing le- 
sion postvaccination (5, £>, F). Cytospina 
were stained with HMB-45 mAb (Biogenex) 
for detection of gplOO {A, B\ M2-7C10 
raAb (]9) for MART-1 (C, D\ and KS-1 
(18) for JILA-A2 (£". F). Positive cells Are 
indicated by tfie brown clvomogen 3,3'-dia- 
minobenzidjne. All celln were counter- 
Sluincd with hematoxylin (blue). 
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Table L }mmunocylochemi*try of FN A material for MM and HLA-A2 









Expression pC 


Time of FN A 


Date 


eplOO" 


SrfART-l fl MLA-A*0201 


Prevaccimtion 
Postvaccination 


1/30/1997 
5/28/1997 
6/18/1997 
7/1 1/1997 


50-7S 
<5 
<5 
<5 


25-50 Positive 
50-75 Poaitive 
50-75 Positive 
50-75 Positive 



* Dew arc % of staining cells. 



Discussion 

With the identification of CTL epitopes believed to be clinically 
relevant, peptidc-based vaccinations have been developed. The ra- 
tionale is to provide proper stimulatory conditions that could ad- 
equately him on an immune system otherwise insensitive to Ags 
expressed by tumor cells (27). Murine models predict that tumors 
do not induce spontaneously nor maintain an activated CTL re- 
sponse even after activation of protective T ceils by vaccines, and 
repetitive immunizations are necessary for prolonged effects (28). 
The primary physiologic effect of vaccination is a systemic en- 
hancement of responsive T cells. The desired secondary effect, 
however, is the localization of activated CTL at the tumor site to 
perform their therapeutic functions. We have shown that the s.c. 
administration of MAA epitopes in If A induces MAA-speeinc 
CTL detectable in the peripheral blood that can reoognize naturally 
processed epitopes on the surface of tumor cells (7, 8). However, 
by itself, peptide administration rarely leads to tumor regression. 
Clinical respond after vaccination is generally attributed to the 
ability of activated CTL to localize at tumor site and kill tumor 
cells. However, the exact mechanism responsible for the more 
common therapeutic failures is unclear. Analysts or tumor/hosl 
interactions at the aite of disease may provide such information. 
Excisional biopsy of tumors and subsequent expansion of TIL/ 
tumor pairs is a useful tool for the analysis of tumor/host intcrac- 



MON1TOR1NG OF PEPTIDE-BASED VACCINATION 

tiuOB at a given poit* (29). Although uaeful/this strategy has not 
yielded conclusive information for three reasons. First, homoge- 
neity among tumors must be assumed to take the excised lesion as 
representative of other metastases left in vivo for clinical correla- 
tion. However, synchronous metastases are often heterogeneous in 
expression of MAA and HLA (30), Second, the natural course of 
the tumor cannot be determined after its removal: only a retro- 
spective correlation can be performed between clinical parameters 
and characteristics of the reagents obtained from the biopsy. Fi- 
nally^he removal of the tumor excludes comparative studies of the 
same' lesion at dilTerent points in time in relation to the natural 
progression of the di&easo or in response to immune pressure. 

To overcome the limitations posed by cxcisional biopsy, we 
suggest following metastases by serial ITSfA, which allows the 
evaluation of tumors at various points (16). By following the some 
lesion serially, heterogeneity among tumors can be avoided as a 
confounding factor. The ability to expand TIL and autologous tu- 
mor from the fKA permits the analysis of CTL localization and 
function at tumor site. This strategy was tested on a melanoma 
patient with a metastasis of particular interest: the mass had shrunk 
after vaccination with g209-2M, suggesting effectiveness of treat- 
ment. However, after the initial shrinkage, the lesion became in- 
sensitive to further g209-2M vaccines. 

The identification of g209/g209-2M-rcactive CTL from post- 
vaccination PfeMC, in concordance with the lack of Cl-35 detec- 
tion by PCR in prcvacci nation samples, was an indication of suc- 
cessful systemic induction and expansion of vaccine-specific CTL. 
The presence of £209-rcaciive CTL at that time point suggested 
that tumor progression was not the result of functional deletion of 
tumor-specific CTL by the vaccine, as suggested by some murine 
models (31). The predominance of a single clone after vaccination 
was of interest and contrasted with the capacity observed in nat- 
urally occurring CTL, recognizing immunodominant epitopes such 
as MART-l^ (32) or BBNA4 416 _ W (33) to maintain a broad 
TCR repertoire. In fact, we observed, in a second melanoma pa- 
tient not previously exposed to MAA-specific vaccination, a 
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widely polyclonal, MART-1 2703 -3pccific CTL population charac- 
terized by broad Vj3 usage. 

Several explanations arc plau&ible for the predominance of Cl- 
35, including an artifact of in vitro culture (34), a consequence of 
the vaccination procedure, or a direct effect of the high affinity 
interaction* between g209-2M and HLA-A*0201 (11). In a func- 
tional peptide dilution asnay, Cl-35 demonstrated a lower avidity 
for its target than the naturally occurring H.3-6" TIL- AJcxander- 
Milier ct ai. proposed that high dose peptide simulation could 
inhibit high avidity CTL while maximally stimulating low avidity 
CTL (35). Since &209-2M is characterized by high affinity for 
HLA-A*0201 (11), it is possible that the epitope density reached 
in vivo as a result of doae and route of administration led to ex- 
tinction of high avidity CTL in this patient and stimulated the 
expansion of a low avidity clone, Cl-35. This rinding, if con- 
firmed, will have important implications for the administration of 
vaccines, and studies of the avidity of the predominant CO- alter 
vaccination could become necessary to find optimal dose ranged 
for peptidc-based vaccines. It could be postulated that the vacci- 
nation led to the in vivo loss of highly reactive g209-specific CTL, 
and such loss could explain the progression of tumor after initial 
response. Furthermore, the repeated in vilio sensitizations with 
g209-2M could have skewed the original proportion of g209-spe> 
cific CTL present in postvacci nation PBMC. One cannot rule out 
that we may have missed other g209-spccific CTL, possibly with 
higher avidity. To minimize this bias, we reduced the time in bulk 
culture to 14 days before cloning. "Direct cloning from peripheral 
blood would be the preferred method with minimal in vitro bias. 
However, multiple attempts to directly clone PBMC resulted in 
poor efficiency and lack of generation of reactive CTL. 

Although Cl-35 demonstrated lower avidity for its target com- 
pared with u naturailv occurring TIL, it could kill with high effi- 
ciency ail ro.A-A^Ol-matchcd, gplOO-cxpressing melanoma 
targets and could release IFN-v in response to stimulation with 
several melanoma cell lines characterized by combined high ex- 
pression of HLA-A2 and gplOO. Gcrvois et ai. have shown that the 
epitope density requirements necessary to stimulate target cell kill 
by CTL are 10- to 10.000-fold less than that required for induction 
of IL-2 and IFN-y release by the same CTL (22). Tumor cells that 
could be efficiently lyscd by MAA-specific CTL could not stimu- 
late IFN-y and/or release unless exogenousiy supplemented 
with the appropriate peptide. In this study, we confirm this finding 
and we postulate that Cl-35 could have been responsible for Irm 
initial response of the metastasis by killing melanoma cells, while 
the stimulatory requirements for its expansion and activation were 
provided by the systemic administration of g209-2M in 1FA. At the 
time of tumor progression, although vwecine-induced stimulation 
was ongoing, most tumor cells became resistant to lysis by losing 
expression of target Ag. Comparison of FNA material obtained 
before and after vaccination revealed that the tumor had drastically 
decreased the fraction of cells expressing the gp 100 over time. Wo 
hypothesize that this loss was due to specific killing of gplOO- 
positive cells by CTL expanded by Uie vaccine, including Cl-35. 
Cl-35 appeared to still be present in the tumor m^s at the time of 
progression (perhaps in response to few remaining gplOOexpress- 
ing tumor cells or the effects of the still ongoing vaccination). 
However, its presence correlated with an inactive status, as none of 
20 TIL bulk cultures expanded from the postvacci nation FNA re- 
acted to g209/g209-2M This might indicate a dormant state of 
Cl-35 in the tumor secondary to the decreased expression of 
gplOO. The detection of TIL that recognize tumor celts, but nut 
g 2Q9-2M or g209, suggests that gp 100 loss by the tumor was coun- 
teracted, at that time point, by induction of CTL with another spec 
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ificity, and underscores the dynamic and interactive nature of the 
immune response at the tumor site. 

In this study, several observations could be made that would 
have escaped detection by monitoring the systemic immune re- 
sponse alone, First, CTL activated by the vaccine, although capa- 
ble of recognizing and killing other gplOO-expressing melanomas, 
were unable to recognize autologous tumor from a progressing 
metastatic lesion. The finding could be best explained by lost (or 
severely decreased) expression of the target MAA at that point in 
time. Second, despite the lack of target Ag by the tumor, Cl-35 
was found to localtee at tumor site by molecular methods. The 
presence at tumor site, however, was associated with a dormant 
state, as this CTL could not be expanded by general proliferative 
stimuli consisting of IL-2 or OKT-3. Third, a new TIL emerged 
that could recognize an unidentified MAA in association with a 
restriction element unrelated to the vaccination (HLA-CwWCG). 
Furthermore, the use of FNA allowed for serial sampling of the 
same metastasis without interference with its clinical course 
throughout treatment and afterward. This permitted a direct cor- 
relation between functional studies and therapeutic outcome. 

This study illustrates the necessity of analyzing target tissue/ 
host interactions at the site in wbich they are likely to occur. Such 
information may complement data obtained with the analysis of 
tlie systemic effects of vaccination and might enhance the under- 
standing of the complex mechanisms underlying the success and 
failure of vaccination. 
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A Model for CD8 + CTL Tumor Immunosurveillance and 
Regulation of Tumor Escape by CD4 T Cells Through an 
Effect on Quality of CTL 



So Matsui,* Jeffrey D Ahlers,* Alex O. Vortmeye.% 1 Masaki Tcrabe,* Taku Tsukui,* 
David P. Carbone,* Lance A. Liotta/ and Jay A- Berzofsky 1 * 

Understanding immuno mechanisms influencing cancer regression, recurrence, and metastasis may he critical to ^Ping 
effective immunotherapy. Using a tumor expressing HIV gP 160 as a mode! viral rumor we f ^*^ 
recurrence pattern, and used this to investigate mechanisms of immunosurveHlance. Regression was dependent on CM T cells, 
23^SS^ resistant to CTlfhad .ubstantially reduced expression of epitope mRNA, but ^nedth^ 
SSc and processing apparatus. Increasing CTL numbers by advance priming with vaccinia virus expressing gP l60 prevented 
^ tetoZTZr ^wth but not the fcter appearance of escape variants. Unexpectedly, CD4 cell dep^oo protected m ce 
from tno. recurrence whereas IL-^ 

were more susceptible. Purified CDS T cells from CD4-depletcil mice following t1inno *" regression had more "J 
tumor cells without stimulation ex vivo, in contrast to CD4-int»ct mice. Thus, the quality as weU as quan «ty ofCDS CTL 
of Unmuno^rveUlance and is controlled by CD4 T cell* but not sole* ^^ ^^ J 
immunosurveulance may indicate ways to enhance the efficacy of surveillance and unprove ,mmu no therapy. The Journal of 
Immunology, 199% 163: 184-193. 



Improvement of T cell-mediated immunity tor immunother- 
apy and development of vaccines has been one or the major 
strategies against cancer in this decade. Although many tu- 
mor-associated A&s were found in human canoer cells (1-10) and 
several trials have been conducted in h number of cancer patients 
(1 1-16). with a few exceptions (16), most of these therapies failed 
to induce an immune response sufficient to prevent further devcl- 
opraent of disease. The reasons for this poor success rate should be 
considered from the perspective* of both the factors in die tumor 
and those in the host. Lessons may be learned from the natural 
immunosurveillance against tumors expressing tumor Ags that 
could be applied to immunotherapy. 

Despite the induction of a specific CTL response and appropri- 
ate help by helper T cells, it has been difficult to eradicate all of the 
tumor cells. There is accumulating evidence for escape mecha- 
nisms of tumor cells (17-19), including loss of Ag or class I ex- 
pression, production of suppressive cytokines by tumor cells, and 
expression of Fas ligand on tumor cells (20-37), Considering the 
fact that escape variants expanded again after nearly complete re- 
jection (20), it is important to dctemiinc how to prevent these 
tumor escape mechanisms to obtain durable remission*. 

In this study, we examine whether CTL induced against a model 
viral rumor Ag can control the growth of tumor, how tumor cells 
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escape from this immunosurveillance, and how we can prevent 
those escape variants. As a model tumor with a well-characterized 
Ag as a model viral tumor Ag, we used a BALB/c 3T3 fibroblast 
line transfcclcd with HIV gpl60 and with mutant ras and myc for 
uimorigenicity. ImmunosurvetUancc of tumors expressing viral 
Ags may succeed, as is often the case for EBV-transformed B 
lymphocytes, or sometimes fail, as in the ease of cervical carci- 
noma expressing human papillomavirus Ags, even in individuals 
who are not immunodeficicnt We have previously characterized in 
depth the murine C1X response to an Immunodominant determi- 
nant of gp!60. called P18, contained witWn the V3 loop (38-4&) ? 
that facilitates use of this Ag as a model viral tumor Ag. 

There have been reports indicating that Th2-type cytokines 
down-regulated antitumor immunity (49, 50) and the activation of 
type J T cell responses produced antitumor immunity (51-54). In 
a cro^sectional epidemiological study of papiUomavirus-relatcd 
cervical neoplasia, we observed an inverse correlation between the 
fraction of individuals making a Thl cytokine response and the 
degree of progression of disease (55). Thus, a shift to Thl-type 
cytokine production may be one goal for effective immunotherapy 
for tumors as well as virus infection. Therefore, we also address a 
question whether reduction of Th2-type cytokine production could 
enhance immunosurveillance. We found a novel striking enhance- 
ment of surveillance by CD4 cell depletion that cannot be ex- 
plained primarily by elimination of Th2 cells. 

Thus, we have taken advantage of the inlriguing pattern of 
growth, spontaneous (immune-mediated) regression, and recur- 
rence of this novel model tumor to investigate the relation between 
different cellular immune responses and tumor growth. We exam- 
ined the role of CDS and CD4 cells in the initial tumor regression 
and in preventing or facilitating tumor recurrence. We also exam- 
ined the molecular mechanism of tumor escape from CTL in vivo. 
Unexpectedly, we discovered a novel important role for the quality 
of CTL. with respect to cx vivo activity and the amount of IFN-v 
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rriRNA.. in prevention of recurrence of tumor, and the regulation of 
this CTL quality by CD4 cells. 

Materials and Methods 

Mice and reagents 

Female BALH/c mice were purchased from Charles River Breeding Lab- 
oratories (FreoVwick, MD). IL-4 knockout (KO) 2 and IFN-y KO mice hav. 
ing the BALB/c background were obtained from The Jackson Laboratory 
(Bar Harbor, N<E). All mice were kept under pathogen-free conditions and 
used at 6-10 vde old. Animal experiments were all approved by the Na- 
tional Cancer Institute (NCI) Animal Care and Use Committee. 

Anti-CD4 mAb (clone GK1.5) and anti-CD8 mAb (clone 1.43) for in 
vivo depletion were obtained from the Frederick Cancer Research and 
Development Center, NCI (Frederick, MD). FlTC-conjugaicd an1j-H-2D 
mAb (clone 34-2-12) was purchased from PharMingen (San Diego, CA). 
Klou*e CDS T cell subset enrichment columns were obtumed trom R&D 
Systems (Minneapolis. MN). Recombinant vaccinia vP£l6, expressing the 
gpl60 envelope protein of HfV-1 strain IIIB and control vaccinia vSC*, 
expressing p-galactoaiduse. were kindly contributed by Dm. Patricia Earl 
and rfcmard Moss (National Institute of Allergy and Infectious Disease, 
Bethesda, MD) (56, 57). Tri20l Reagent. Super Script cDNA synthesis 
reauents, and PCR SuperMixture were purchased trom Life Technologies 
(Rcekville, MD). NorthemMax, Stripc-EZ RNA Kit, and pt7 mouse 
If N-y probe template were obtained from Amnion (Austin. TX). 

Tumor cells 

15-12 are BALB/c 3T3 cells transacted with gpl60 cnvelopo protein of 
HlV-1 IUB (38). ISNeo are BALB/c 3T3 celb transfected with the neo- 
mycin resistance gene alone as a control. 15-12RM was made from 15-12 
by U-ansfection witb Myc and mutant genes, containing the substitution 
of glycine to valine at position 12 of K-mr p21. All cells were maintained 
to T cell complete medium containing 0,2 mgfral of geneticm (Sigma, St 
Louis, MO). 



anli-CD4 mAb (clone OKI. 5), anti-CD8 mAb (clone 143). or control rat 
JgG (ICN Pharmaceuticals, Costa Mesa, CA) starting 3 days before tumor 
cell injection and then twice a week. 

Defection oftnRNA by RT-PCR mid Northern blot analysis 

total RNA was extracted from 5 X 10* Uimor cells in Trizol reagent (Life 
Technologies). cDNAs were synthesized by extension of oligo(dT) primers 
using tlK Super Script Preamplifictfion System (Ufo Technologies), ac- 
cording to the manufacturer's instructions. PCR of the cDNA was per- 
formed in a final volume of 50 pi containing euch primer at 0.2 pM and 
Supermixtiirc (Life Technologies) using the GcncAmp 9700 PCR system 
< Pcrkm-Elnw, Norwalk, C7> Ihc amplification cycles were 94»C for 30 s, 
55"C for 1 min. and 72°C for 1 min. After 25 cycles, PCR product* were 
separated by 10<M> TBE gel electrophoresis and atained with Vista Oreen 
(Amcraham, Arlington Heights, ft). The sequences of primers ore as fol- 
lows: bypoxamhioe-guanine phosphoribosyl transferase (HPRT) (sense). 




CTL generation 

Splcnoeytes from BALB/c mice previously immunized with 1 X 10* FFIJ 
of vPEX6 were stimulated with irradiated BALB/c splenocytes pulsed with 
1 M peptides (P18) BIB in a 24-well culture plate m complete T cell 
medium supplemented with 10% T-stim (Collaborative Biomedical ProcW 
nets Bedford. MA). After 7 days of culture, viable colls were luuvcsted 
and u CTL tine against P18-IIIB was established by several leslmuilauona 
whh PlS-inB-pulsed splcnoeytes. A CTL line for 15-12RM was denved 
from adenocytes of IM2RM tumor-bearing mice taken on day 50 after 
inoculation of 15-12RM cells. The* splcnot-yies were stimulated with J5- 
12RM cells, which were treated with mitomycin C (Sigma) (100 p^/ml for 
45 min), plus irradiated splenocytcs of normal BALB/c mice. Tlio CTL line 
specific for 15-12RM was induced after several such rcaQmulahona. T cell 
complete medium is Biofluids (Rockvfflc, MD) R2E Medium (a 50:50 
mixture of RPM1 1640 and EHAA media) supplemented with L-g!utammc, 
sodium pyruvate, nonessential amino acidfi, penicillin, streptomycin, 5 X 
10" 5 M 2-ME, and 10% FC&. 

CTL av.«r>' 

Cytolytic activity against several target cells was assayed by a 4-h 3l Cr- 
releas'e assay, as described elsewhere (58). Tumor cells harvested from 
tumor-bearing mice were used for target cells either on the same day when 
they were resected or after 1 wk of culture in complete T cell medium 
containing genetiein. Where indicated CDS* T cells were punfted from 
spknoevtes using a mouse CDS*' T ceil subset ermchment wlumn (R&D 
Systems) and used as effector cells. The percentage of specific Cr release 
was calculated as: 100 X (experimental release - spontaneous release)/ 
(maximum release - spontaneous release). Maximum release was deter- 
mined from supernatant* of cells that were tysod by addiUO* of 5% Triton 
X-100. Spontaneous release was determined from target cells incubated 
without added effector cells. 

Tumor inoculation 

A louvl of l X 10° 15-12RM cells in 200 tx\ of PBS were injected s c on 
the right rtank of the mouse. Wl>cre indicated, I X 10 7 PFU Of vPEl6 or 
vSCS wore injected i.v. at 5 wk and 7 days before tumor inoculation. Some, 
mice were treated i.p. with 0.2 ml of PBS containing cither 0.5 mg ot 



rAGOAGTCCTCCCCTOCU-5'. Northern blot analyst* was performed 
OKing NorthemMax and Strip-EZ RNA Kir(Ambion), according to the 
manufacturer's instruction. Total cellular RNA was used, and the integrity 
of RNA was tested by electrophoresis in 2% agarose gel A total of 15 p.g 
of RNA was loaded per lane and transferred onto nylon membranes. After 
prehybridization, the M P-labeled probe for IFN-y was hybridized at 65°C 
overnight Then the membrane was washed with low- and high-stringency 
«ohiiien. Autoradiography was conducted at -70°C for up W 4 days by 
using Kodak (Rochester, NY) BioMax-MS film. The same membrane was 
stripped and uacd to tehybridize with a GAPDH probe as an interna) 
control. 

flow cytometry* 

iSNeo and tumor cells were stained with FITC-conjugated ami-H-2D d 
mAb to detect the expression of class ! molecules. They were analyzed by 
FACScan using CellQucst software (both from Bccton Dickinson, Moun- 
tain View, CA> 

Histological examination 

Tumor tissues were excised on tbc indicated days after inoculstian of Ui- 
m«r «iu_ flxftd in 10% v/v formalin solution, and processed for paraffin 

and stained 



2 Ablutions u«d in this puper: KO. lockout; HFRT, hypcxanthine-guanin* 
phosphoribcwyl u-unaferwe. 



mor ceUs. fixed in 10% v/v formalin solution, and processed 
embedding. Sections were cut according to standard procedures 
with hematoxylin and cosin. 

Results 

15- 12AM tumor regressed after initial growth and reatrred m 
viva 

15-12RM cells were injected s.c. on the right flank at day 0. Tu- 
mors initially started growing within 5 days after insulation, and 
they reached about 8 -1 0 mm diameter at approximately day 7. The 
tumors then began to regress spontaneously and disappeared after 
~ 10-12 days. The growth rate decreased at this time, even in the 
occasional small tumors that remained. However, the mice in 
which Uimors had regressed initially, even beyond the point of 
detection, developed tumors again between 20 and 30 days after 
inoculation. These did not regress in this second growing stage 
(Fig. I, a and b). 

Vaccinia viruues were tested to induce tumor-protective immune 
responses in vivo.. Vaccinia virus vPE16,™hich expresses gp!60 
in infected cells (56), was injected i.v. twice with a 30-day interval, 
and tumor was inoculated 7 days after the second immunization. 
Though 15-12RM tumor cells injected into control vaccinia vSC8- 
immunized mice did not always behave identically to normal mice, 
they shared a similar pattern of development of tumors, including 
the three phases of initial growth, regression, and rcgrowth. In 
contrast to normal and vSC8-immunizcd mice, mice immunized 
with vaccinia virus vPiil6 showed a diflcrent proccsa for growth of 
tumors. They did not manifest the primary development of tumors, 
but the tumors appeared only late, after day 30, and behaved like 
the tumors seen in the recurrence phase of normal and vSCfc-im- 
munized mice, without first undergoing regression (Pig; lc). These 
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FIGURE 1. The appearance and regression of tumors in normal mice 
and vaccinia-immunized mice, a, A total of 1 X 10* 15-12RM cells were 
injected s.c. on the right flank of wild-type BALB/c mice. The size of 
tumor was measured every 2 days until day 20 after inoculation and later 
every 4 days. Tumore having more than a 4- mm diameter were defined as 
positive b, The kinetics of the size of tumors (product or perpendicular 
diameters) of eight mice. C. Mice were immunized twice (1 mo opart) i.v. 
with 5 X Iff* PFU/200 uJ of VPE16 or v$C8. Then, 7 days afterthe second 
injection of vaccinia virus, 1 X 10 B 13-12RM cells were inoculated in the 
same way as in a. lo all three panels, eight mice were used per group. 
Similar results were found in three independent experiments. 



vPE16-irnmuitt mice also had CD8"*" CTL specific for KV-1 
gpl60 peptide P18-HIB (data not shown, and Rcfo. 38 and 48). 
Thus, immunization against gpl60, inducing specific CTL, could 
protect mice from the initial growth of tumors, but not from the 
later development observed 30 days after inoculation of tumor 
cells. 

Regression depends on the existence of CDS Teeth 
From the above results, we hypothesized that CDfc^ CTL might 
play a role in the initial regression of tumor. To investigate the role 
ot'CD4 and CD8 T cells in the regression and growth of tumor, 
nonimmunized mice were treated with AbB against CD4 or CD8 
molecules. Flow cytometric analysis showed that >98% of CD4 
and CDS T cells were depleted by the treatment with the respective 
Abs (data not shown). In the anti-CD8 Ab-treated groups, tumors 
grew initially in the same lime period as in control mice, but they 
continued growing without regression (Fig. 2a). Their growth rate 
did not decrease at 10-12 days, when the tumors of control mice 
regressed. Although anti-CD* Ab treatment did not result in any 
significant change in the process of growth and regression of tu- 
mors up to day 30 after the challenge with tumor cells, depletion 
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HCURE 2, The development of tumors in CD4- or CD8*depleted mice. 
A. total of 0.5 rag of «nti-CD4 (GK1.5), ami-CD8 (2.43). or both Abs was 
injected Lp. on three consecutive days before inoculation of I x 10* 15- 
12RM cells (eight rruWgroup). Abs wore given twice a week after inoc- 
ulation of tumor cells. Tumors having more than 4 mm of diameter were 
defined as positive. Comparable results wero obtained in three independent 
experiments. 

of CD4 cells unexpectedly protected the mice from later regrowth 
of tumor (Fig. 2a). When CDS cells were depleted simultaneously 
with depletion of CD4 cells, the tumors continued to grow without 
regression, as in the anti-CDo Ab-injectcd group (tig- 2b). Thus. 
CD8 cells were necessary for initial rcjcctioT) of the tumor, and the 
depiction of CD4 cells somehow prevented me regrowth of tumors 
after regression. When anti-CDo Ab were given to the CM-de- 
pleted group only after regression (starting from day 21), tumors 
developed in only some of the mice, despile the fact that there were 
no CDg cells (data not shown), This observation is consistent with 
the interpretation that, in anti-CD4 treated mice, 15-12RM tumor 
cells did not survive after the initial regression, so the absence of 
CD8 cells at the later time point was no longer relevant 

Histological examination confirmed infiltrating lymphocyte* 
Since it was suggested that the growth and regression of tumors 
were regulated by immune surveillance, especially CDS T cells, we 
performed a histological examination of tumors to see whether 
they were compatible with the observation described above. Spec- 
imens were harvested from 15-12 RM tumor cells injected into 
normal mice at different time points after inoculation. At day 9, 
when initial tumors were growing* focal sparse mixed cellular 
(chronic) inflammatory infiltrates were noted within the tumor 
mass. At day l3 r when growth stopped, the number of infiltrating 
lymphocyte^ seen around tumor cells increased (Fig. 3), and, when 
there were no tumors on the surface of the flank at day 19, the 
lymphocytic response reached a maximal level (Fig. 3). These 
findings raise the possibility that these infiltrated lymphocytes con- 
tributed to the regression of tumors. In contrast, when tumor re- 
appeared and grew again arler regression, the recurrent tumors had 
a more spindle-shaped morphology and were relatively devoid of 
infiltrating lymphocytes at days 33 and 46 (Fig. 3). Thus, the his- 
tology was consistent with a lack of a cellular immune response to 
the recurrent tumors. 
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FIGURE 3. Histological finding* of Uimor sections 
on several days after inoculation of 1S-12RM tumor 
cell*. At day 13. initial lumor was observed on the 
right flank of tlie mice. Tumor regressed and it was not 
seen with the naked eye on day LP. After regression, 
tumor appeared and grew again (day 4^). Hematoxylin 
and cosin staining, magnified x225 (day 13)> X500 
(day 19), and X223 (day 46). 



Recurrent lumors developing after regression wra resistant to 

CTL specific for 15-12 RM tumor could also lysc target cells pre- 
senting P1S-IIIB from the v3 loop of the HIV-1 envelope (Fig. 46). 
Likewise, P18^mB-specific CTL, which were induced from a 
vPE16-immunized mouse by stimulation with 1 P18-1EB- 
pulscd spleen cells-, could recognize 15-12 RM rumor cells (Fig. 
4a), Therefore, we utilized CTL againBt both 15-12 RM tumor 
cells and PI 8-IEB to determine the susceptibility of 1 lie tumor cells 
k> cytotoxicity. Our objective was to examine how tumors recurred 
after initial regression, despite the rejection mediated by CD8 T 
cells or the immune protection against initial growth observed in 
vPEl ^immunised mice. The possible explanationfi of this obser- 
vation could be either alteration of tumor cells (escape variants) or 
induction of tolerance m responding T cells. To examine the 
former possibility, tumor cells were recovered from mice at dif- 
ferent stages in vivo and used as target cells in the CTL assay. 
While the tumor cells that grew initially retained sensitivity for 
15-12 RM CTL, tumor cells from the recurrent stage could not be 
lysed by the same CTL (Fig. 5, a and 6). Both freshly isolated cells 
and cultured cells, which were selected by growth in culture me* 
dium containing geneticm (to kill cells that hud lost the JvW* 
gene), showed the same results. As mentioned above, vPEl6-im- 
munized mice developed tumors late without an early growth and 
regression phase. Tumor cells from these animals were not killed 
by 1 5-12 RM CTL (Fig. Sa). However, tumor cells from normal or 
vSC8- immunized mice treated with anti-CD8 mAb were killed by 
15-12 RM CTL (Fig. 5c). Moreover, 15-12RM-spccific CTL could 
kill tumoT cells harvested from vPE16 immunized, anti-CD4 plus 
anti-CD8 mAb-rrcated mice (data not shown). 

To test the possibility that contamination of CTL-resistant tumor 
cells in the cultured IS-12RM clone was the origin of recurrent 
tumor in vivo. 15-12RM cells were subjected to killing once or 
twice in vitro by P18 CTL, and then surviving cells were used as 
target ceils for the CTL assay after several days of culture. We 
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hypothesized that, if there are very few resistant tumor cells in the 
tumor cell suspension used for injection, these preexisting resistant 
tumor cells should gradually become the majority of target cells 
after selection by killing of sensitive cells by CTL in vitro. As 
shown in Fig. 6, 15-12RM were lysed by P18 CTL, even after two 
rounds of selection, in three of four experiments. Moreover, in the 
one case when cells became resistant after killing by CTL, al- 
though they were lyscd after first round killing at the same level as 
original 15-12RM, they showed <S% of lysis after the second 
round. Therefore, the data suggest that il is unlikely that prccxi&t- 
i ng resistant tumor cells grew after regression or susceptible tumor 
cells in vivo. In summary, 15-12 RM cells before the tumor re- 
gression caused by CD8 T cells were susceptible to lysis by 15-12 
RM CTL, but they did not maintain this character wlwn they re- 
curred after initial regression. Although vP3E16-immunized mice 
showed early protection against tumor growth instead of growth 
and regression of tumor, 15-12 RM tumors that grew out in these 
mice after day 30 were resistant to gpl60-specific CTL. 

IJelection ofmPNA encoding the gpl60 v3 hop in resultant and 
nottresistant tumors 

To explore the mechanism of tumor resistance to CTL lysis, we 
examined the expression of the class I molecule H-2D* on the 
resistant tumor cells because P18-UIB requires D d to be presented 
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V1CURE 4. CTL lines established after several stimulations with spleen 
cells pulsed with 1 of PlS-IIIB peptide (a) or with 13-12RM tumor 
cells (b) can lyae the same target cells. Target cells used were 18Neo (□), 
ISNeo pulsed with 1 pM of P18-IEB (O), and I5-12RM cells (0). 



FIGURE S. Sensitivity to CTL lysis of tumor cells recovered from 
BALB/c mice treated in various ways. In all panels, ISNco (O) and 15- 
)7RU cells (0) were used as UiTget cells in A CTL assay with the 15- 
12RM-spccific CTL lino as effector cells, a, Tumor calls harvested from 
naive mice at recurrent stage (O and A), harvested from vSCfr-immunizcd 
mice at the same stage (X) and from vPEW-irrimunized mouse (V) were 
used as target cells, b. Tumor cells recovered during initial growth of 
tumors from naive mice were lysed by IM2RM CTL (• and A), c. Tumor 
celts from anti-CD8-troatcd mice were tysed by tte CTL line specific for 
13-12RM (O and A). 
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FIGURE 6. Sensitivity to CTL lysis of surviving tumor cells, a, After 
kiUingtwiccbyPlfi-niBCTLin vitro, 13-1 2RM tumor cells were cultured 
for several days in G4 18 containing complete T cell medium, and expanded 
cells ware tested as target cells in a CTL assay with P18*MB CTL. 15- 
12RM cells after two rounds of selection from three different experiments 
were shown as closed symbols in a. b, Surviving cells alter the first round 
(♦) and second round (A) of killing by P18-UIB CTL from a fourth ex- 
periment wore cultured irt G41S containing complete T cell medium, and 
expanded 15-12RM cells were used as target cells in a CTL assay with 
P18-IHB CTL Open squares and open circles are 18 Nco, and original 
15-12RM tumor cells used as target cell*, respectively. 



10 T cells. As shown in Fig. la, resistant tumor cells harvested 
from mice expressed D d at the same level as the original 15-12RM 
cells. Also, resistant tumor cells could be lyscd by PI 8 CTL when 
they were pulsed with P18-IIIB or infected with vPE16 (Fig. lb). 
These results showed that claw 1 expression on the resistant tumor 
cells is intact and that resistant tumor cells can process and present 
the endogenously expressed Ag normally. Therefore, we asked if 
they had lost expression of the Ag. It was impossible to detect the 
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FIGURE 7. Resistance is not due to loss of MtfC expression or Ag 
processing and presenting function, a. FACS analysis of H^D* expression 
on the tumor cells. The original 15-12RM cells (•-•) and tumor cells har- 
vested at the regrowth stage ( ) were stained with FITO-conjugaled 

anti-H-Uy 1 mAb. The shaded area under the curve shows control staining 
with FITOcDnjugated mouse Ig02a (PbarMingen). b t CTL assay with 
P1S-0IB CTL for effector cells when resistant 15-12RM tumor ccUa (3T1) 
were pulsed with PI&.IHB (■) or infected whh vSC8 (AX vPE16 (4) as 
target cells. □ and O, Resistant 15-12RM tumor cells and original 15- 
I2RM tumor cells used as target cells, respectively. 
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FIGURE mRNA expression in resistant and nonresistant 1M2RM 
nimoT cells detected by RT-PCR (a). The primers used were for v3 loop of 
BP 160 and for HPRT as internal control b, DNA extracted from various 
1 5-12RM cells was amplified with primers for v3 loop. Similar results were 
ubrained in three independent experiments. 



expression of gpl60 On the 15-12RM cells by Western blot anal- 
y«H and flow cytometry. Thus, wc compared the expression of 
mRNA in resistant and nonrcsistant tumor ceils by RT-FCR. Fig. 
8* shows that mRNA for the gpl60 v3 loop was absent in the 
rcsislant tumor cells, while nonresistant tumOT cells and the orig- 
inal 15-12RM cells retained clear message. Next, wc examined if 
this mRNA defect resulted from the loss of the transfccTed gene or 
n mutation at the either of the primer regions of v3 loop, DNA was 
isolated from 5 X 10* tumor cells and amplified by PCR. There 
were tbe clear bands or amplified DNA by v3 loop primers for the 
resistant tumors, as well as nonrcsistant tumors (Fig. 86). These 
PGR products were cloned and then sequenced from three resistant 
lumors and two nonrcsistant tumorn harvested from mice and the 
original 15-12 RM cells. There was neither deletion of genes nor 
point mutations in the v3 loop region (data not shown). These 
results suggested that the tumors developed resistance against 
CTLs for P18-HJB by decreasing the expression of mRNA encod- 
ing the gp 160 v3 loop. 

Loss of tuntor-specific CTL does not account for the tumor 
regrowtft 

As mentioned earlier, the regrowth of tumor could be due either to 
the development of escape variants of the tumor, or to loss of CTL 
activity when the tumors reappear. Although the evidence above 
pointed to the outgrowth of resistant variants of the tumor, wc also 
wanted to examine the possibility of CTL loss. Mice with large 
recurrent tumors were examined on day 62 after tumor inoculation. 
Spleen cells were restimulatcd for 6 days with the original tumor 
cells 1S-12RM as stimulators, and then tested in a lytic assay on 
both 15-12RM targets and on lSNco BALB/c 3T3 fibroblasts ei- 
ther with no peptide as a negative control or pulsed with 1 
peptide P18-fflB (Fig. 9). As can be seen from the two mice 
shown, a very vigorous CTL response was still present, specific for 
both HIV-1 gpl60 peptide and tumor cells, even after substantial 
outgrowth of recurrent tumor. Thus, tolerance induction cannot 
account for the observed outgrowth of tumor. 

These results, combined with the observation mentioned earlier 
that mice treated with anti-CD4 from the start but then treated with 
anti-CD8 only from day 21, after tumor had regressed, still mostly 
did not grow recurrent tumor, suggest that the protective effect of 
anti-CD4 is to allow the complete regression of tumor, so that no 
tumor is left to rcgrow once CD8 cells are eliminated. In the CD4- 
inUct mice, the tumor regression .is incomplete, and the tumor 
recurs despite the continued presence of CTL. Thus, wc wondered 
whether there was some qualitative functional difference in the 
CTL that can complete the elimination of tumor in the absence of 
CD4 cells but not in their presence. 
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FIGURE % Mice retain liigh levels of tumor-specific CTL even during 
the phase of tumor recurrence. The splenocytea were recovered from the 
mice with recurrent tumor at day 62 after injection of 10* 15-12RM tumor 
cells. In 24-well plates, 4 X 10 d Hplcnooytes were resiimulatcd with 10* 
15-12RM cells and 2 X 10* normal splcnocytes. The cultured cells were 
used for CTL assay at day 6 of culture at the E:T ratios shown* Targets 
were either 15-12RM cell?, or l8Neo fibroblast* either without peptide or 
pulsed with 1 /*M P18-IIIB peptide, as indicated. The two panels are rep- 
resentative data of two Individual mice. Similar results were obtained if the 
splenocytes were recirculated with 1 F18-IUB peptide instead of tu- 
mor colls (data not shown). 

Production oflFN-y by CD8 cells contributes to protection 
against the regrowth of tumors in CDJ-daptetcd mice 
As described above, depletion of CD4 cells, including Th cells, led 
to the protection against regrowth of 15-12RM tumors after re- 
gression. Since previous literature suggested that Thl cells played 
an important role in protection against viral infection and tumor 
development (S3, 54, 59), we utilized IFN-y KO mice and IL-4 
KO mice as models of Thl/Th2 imbalance to examine the influ- 
ence of these cytokines on tumor growth and recurrence and on the 
prevention of regrowth by anti-CD4 mAb injection. Though some 
of the EfN-y KO mice rejected tumora after initial growth, tumors 
regrew within 20 days after the inoculation, statistically signifi- 
cantly more rapidly than the control wild-rype mice (Fig- 106) 
(p < 0.005, wild type vs 1FN-7 KO, Log-Rank test). On the other 
hand, surprisingly, KO mice did not significantly differ from 
control wild-type mice with regard to the pattern of tumor devel- 
opment. They were not protected against regrowth of tumors as 
observed with anti-CD4 treatment, even though they had a skewed 
balance toward Thl caused by the absence of IL-4 (Fig. 10c com- 
pared with Fig. 10a), When CD4 cells were depleted before tumor 
inoculation, all Ihc mice showed better protection than mice in- 
jected with control rat IgG Ab (ICN Phamiaceuticals) in each 
group (Fig. 10, a-c). The results using IL-4 KO mice indicate thai 
the complete loss of IL-4 and the great diminution of other Th2 
cytokines that are in part dependent on IL-4 for their production 
(66-69), docs not mimic the effect of CD4 depletion and, there- 
fore, does not explain the striking protection in CD4-dep|eted 
mice. However, since tumors could rcgrow in CD4-depletcd IFN-7 
KO mice (Pig. \0b\ these results suggested that IFN^y produced 
by CPS cells or NK. cells played an important role in protection 
against regrowth of rumors in CD4-deplcted mice. 

To investigate further the mechanism of the protection produced 
by CD4 depletion, we purified CDS* T cells from adenocytes of 
untreated and CP4-deplcted mice On day 14 after the inoculation 
of 1 5-12RM cells to compare the CTL activity. Tumors grown on 
the right flank initially disappeared at this time point in all the mice 
in both groups. As shown in Fig. IWi, CW T cells from CD4- 
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FIGURE 10. The development of tumors in wild-type (a), IFN-y KO 
and IL-4 KO (c) BALB/c mice (five mice/group). Closed and open 
symbols In all panels indicate CD4-deplcted group and control rut IgG 
injected group, respectively. Tumors were observed and measured in the 
same way as Fig. 1 (a\ Comparable results were found in three indepen- 
dent experiments. 

depleted mice, without rcstimulation in vitro, could kijl 15-12RM 
target cells, as well as lflNeo pulsed with 1 uM of PlS-HIB, while 
CD8 + cells from tumor-Inoculated, normal mice could not kill 
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FIGURE 11 . a, CDS T cells purified from splenocytea of CD4-dcplcted, 
1 5- 12RM- inoculated mice (O) had greater CIL activity for both 18Nco 
pulsed with 1 6fT\Z~nM(!eftpanet)*zd 15-12RM cells (right panel) 
without nny in vitro restimulation than those from lM2RM-injected, nor- 
mal mice (A and X). &, Northern blot analgia for IFN-y and GAPPH 
mRNA. Spleens were harvested at day 14 after inoculation of tumor cells. 
Total RNA was extracted from CD8 T cells purifiod from Bplenocytcs of 
CD4-deplcted; lM2RM-moeulaicd mice and splenocytea of 15-12RM- 
injected, untreated mice, Northern blot analysis was performed as de- 
scribed in Materials cmd Methods. Densitometry showed IFN-Y mRNA 
expression in relation to GAPDH mRNA expression from CD8 T cells in 
Uimor-inouulated, CD4-depletcd mice is four times as much as in tumor- 
inoculated CD4-intact mice. Similar result* were obtained in three different 
experiments. 
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15-12RM cetls without restimulation. Also, purified CDS T cells 
from ClM-dcplctcd mice injected with tumor could lyse IHNco 
pulsed with t jxM of PI 8-IIJB better than those from normal mice 
injected with tumor (about \5% vs 40% specific lysis at 80; 1 E:T 
ratio). To further explore the functional difference between these 
CTL, wc examined the expression of IFN-y mRNA in these CD8 + 
T cells. Consistent with the results of the CTL assay, we could 
detect four times as much JJFN-y mftNA from CD8 T cells in 
OM-dcpletcd mice as from CD8 + cells in tumor-inoculated un- 
treated mice (Fig. 1 lb). These results indicated that the quality of 
CDfi T cells in CD4-dcplcted mice was different from thai in nor- 
mal mice with regard to IFN-y mRNA expression, as well as CTL 
activity without rcsti mutation, properties that may be important for 
the protection against recurrence of tumor. 

Discussion 

In this study, wc present a novel manipulablc animal model of 
mmoriniimtnosurvciUancc in which we can evaluate escape mech- 
anisms of tumor cells from immunosurvcillancc, the role of CDS"*" 
T cells in causing regression and preventing local recurrence, and 
the adverse role of CD4+ T cells in local recurrence. As a model 
of soft tissue tumor in vivo, we utilized the transfoctant fibroblast 
cell line expressing myc and the K-ras point mutant along with 
H1V-1. gpl60 as a tumor Ag. Although not a natural tumor Ag, this 
viral Ag is not unlike other viral Ags expressed in certain human 
tumors, such as human papillomavirus Ags in ocrvical carcinoma. 
This tumor has the histological appearance of and invades muscle 
tissue like a soft-tissue sarcoma. It may serve as a model of human 
lumors that express viral Ags, such as cervical carcinoma induced 
by human papillomavirus or lymphoid malignancies induced by 
HTLV-L CTL induced against this tumor cell line, 15-12RM, 
could recognize target cells pulsed with an immunodominant CTL 
epitope peptide P1S-IIIB of the gpl60 v3 loop (38), as well as 
tumor cells themselves. Prevention of regression by CD8 + cell 
depletion in vivo indicated that the regression was CD8-dcpendcnt. 
However, in unmanipulatcd mice, the tumors virtually always re- 
curred, despite the continued presence of CTL (Figs. 1 and 9). 
Thus, mis system serves as a model of tumor immunosurveillance. 
In the clinical situation in humans, many tumors express potential 
tumor Ags, and many subclinical tumors may undergo this type of 
spontaneous regression, but only the ones that escape immunosur- 
veillance and reach the recurrent stage, as in our model, arc de- 
tected clinically. If we could undcr&taiid what prevents immuno- 
surveillance from achieving complete regression and allows tumor 
recurrence and later metastasis* we might be able to overcome this 
obstacle and prevent tumor recurrence. This understanding is also 
critical to designing optimal immunotherapy of cancer. 

A potentially important clue to this problem came from the sur- 
prising effect of CD4 depletion. Depletion of CD4 T celts did not 
change the pattern of initial tumor growth and regression, but it 
inhibited recurrence of the tumor. How could one explain the pre- 
vention of recurrence of the tumor in CD4-deplctcd mice? In ac- 
cordance with the fact that CTL induction ia associated with a Th- 1 
type immune response, it has been shown that CD4 T cells that can 
secrete Thl-lype cytokines have a beneficial role in protection 
against tumor development (53, 54). Likewise, we previously re- 
ported that U^2 production by human peripheral lymphocytes in 
response to human papillomavirus Ags is inversely associated with 
disease statua (55). McAdam et al. (60) showed that murine car- 
cinoma cells transfectcd with and IFN-y were more likely to 
be rejected than parcnlal cells when implanted in T3ALB/c mice. 
On the other hand, the shift from ThUype to Th2-typc cytokine 
production was found in progressive cancer patients (6L 62), and 
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T cells harvested from tumor-bearing hosts produced only Th2- 
lype cytokines when they were stimulated in vitro (63). In addition 
to these findings, Th2-type cytokines could even accelerate the 
experimental pulmonary metastasis of melanoma (49). 

Therefore, wc hypothesised that the sliift to a Th2-type response 
lo bp 160 could be the cause of failure of complete tumor regres- 
sion, allowing recurrence of tumors after regression, We used 
[FN- y KO mice and IL*4 KO mice as a model of Thl/Th2 imbal- 
ance (64) to address this question. Although the I"FN-y KO mice 
could suppress the initial growth of tumor, these turaorB finally 
developed earlier than those in control BALB/c mice, suggesting a 
role; for Il ; N*-y, However, other data suggested a critical role for 
CDS T cells; 1) vPEl 6-imniunizcd mice that have Plo-IUB-spc- 
eific CTL before inoculation with tumor did not have initial growth 
of tumoTs; 2) CDS-depleted mice could not inhibit tumor growth at 
all: 3) Recurrent tumors had alt become resistant to lysis by CTL; 
;ind 4) Wc could induce a CTL response even from 15-12RM 
lumor-bearing IFN-y KO mice by stimulation with Pl g-IHB in 
vitro (data not shown). Thus, we concluded that both lytic activity 
by CD8 T celts and production of IFN-y are necessary for the 
regression of the initial tumor in our model system. 

Prior immunization with vaccinia virus vPE16, which induces 
K pl60-specinc CTL, could prevent the initial growth of tumor 
completely, but not its recurrence later. Tins result indicated that 
the iiwrease of CTL precursors for P18-1ID3 contributed to clear- 
ance of tumor cells, but could not eradicate them. In contrast, in 
CLM-dcplctcd mice, initial growth and regression of tumors were 
still observed but the subsequent recurrence was prevented. Thus, 
the increase in CD8 T celt numbers alone cannot explain the ben- 
efit of CD4 depiction. When CD8 T cells were depicted by the 
injection of anti-CD8 mAb starting from day 21 after inoculation 
of tumor cells in mice treated with anti-CD4 mAb from the be- 
ginning, the turnor$ developed in only 25% of theae CD4-dcplrfed 
mice (data not shown). This result indicated that CIM^depleted 
mice might eliminate all of the tumor cells before the critical point 
for recurrence, so that once the tumor cells were gone, The CD8" 1 " 
cells were no longer necessary. In contrast, in the presence of CD4 
cells, the clearance of tumor by CD8 cells was incomplete, even 
though CTL remained present during tumor recurrence (Fig. 9). 

However, unexpectedly, IL-4 KO mice did not mimic CD4- 
depleted mice in that they could not stop the development of tumor 
alter regression even though they had a shift to Thl-type response 
in general (Fig. 10) (67, 65). IL-4 is necessary for the normal 
development of Th2 responses and production of other Th2 cyto- 
kines (66-68), although some production of IL-5 and IL-10 can 
still occur (69). The IL^t KO mice thus indicate that IL-4 is not 
required for the CD4-rnediated prcvcnlion of complete regression, 
and probably other Th2 cytokines, which are greatly diminished in 
the IL-4 KO mice, also do not account completely for the inhibi- 
tory effect of CD4 cells on the elimination of tumor. Therefore, 
although a Thl-type response could contribute to the rejection of 
initial tumors and a shift to a Th2-type response could interfere 
with this protection, even a substantial skewing toward Thl-type 
response by elimination of IL-4 was not sufficient to prevent re- 
currence of tumors after regression. CD4 depletion must accom- 
plish more than just Th2 depletion. 

Koeppcn ct al. (70) observed that anti-CD4 treatment of mice 
increased the frequency of rejection of an allogeneic tumor ex- 
pressing a foreign class 1 MHC molecule. Rakhmilevich and North 
(71) showed that elimination of CD4 T cells augments the antitu- 
mor effect of IL-2 therapy in mice bearing ait advanced sarcoma by 
releasing CD8 T cell-mediated immunity from T cell-mediated 
suppression. Martinotti ct al. (72) reported that Mmor infiltration 
by the CD8 T cells was inhibited by CD4 T cells, but the tumors 
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wftre unuaual in being transduced with the gene for IL-12. In thai 
report, they postulated that CD4-mediatcd suppression is exerted 
on CDS expansion and on the ability of CDS T cells to infiltrate 
tumor nodules. However* we could observe infiltration of lympho- 
cytes in the tumor tissue not only in CD4-dq>leted mice but also in 
untreated mice. Also, we found several lines of evidence for a 
qualitative difference in CD8 cells from CD4-depleted mice that 
appeared to contribute to more effective tumor elimination. First, 
CDS T cells purified from splenocytcs of CD4-deplctcd and tumor- 
injected mice had higher CTL activity specific for 15-12RM cells 
than CDB T cells from tumor-inoculated CD4-intact mice, even 
without any stimulation in vitro. Thib result indicated that CD8 T 
cells from CIM-depleted mice were already activated to kill tumor 
cells efficiently in vivo. Second, this better lytic activity of CTl. 
was correlated with the expression of IFN-y mRNA. Thus, CDR"*" 
T cells from CD4-dcplctcd mice, which could secrete more IFN-y, 
could play an important role in prevention of recurrence of tumor 
in our model system. We conclude that a qualitative alteration of 
CD8 T cells following depletion of CD4 T cells could account for 
protection from recurrence of tumor, whereas the reduction in Th2- 
typc cytokines in IL-4 KO mice was not sufficient. 

We previously reported the importance of the quality of CTL as 
well as the quantity of CTL for viral clearance, in a study in which 
high-avidity CTL specific for P18-HIB could protect better agaiast 
virus challenge than low-avidity CTL (48). We arc now investi- 
gating whether the quality of CTL has any correlation with high- 
er low-avidity CTL and whether there i s any rcl ation between CD4 
depletion and the appearance of escape variant tumor cell*. 

Even during the recurrence phase of new tumor growth, a CTL 
response was detcetcd in spleen cells from these tumof-bcaring 
mice after the stimulation with P18-mB-pul3ed spleen cells or 
15-12RM cells (Fig. 9). This observation indicated that the ex- 
haustion or totalization of responding cells against P18-IIIB was 
not the cause of tumor recurrence after regression. There are sev- 
eral possible remaining explanations for this escape mechanism of 
tumor cclla from immunological destruction (19). Besides the host 
factors that can suppress immune defenses against tumor cells al- 
ready discussed, there were several reports of Ag loss of tumor 
variants (17 7 18, 20). Selection of Ag loss, epitope loss, or class I 
loss variants might lead to recurrence of tumor. In this study, re- 
current tumor cells became resistant (resistant tumor cells) to CTL 
that could lyse both the original tumor cells and also the tumor 
cells recovered from the initial growth stage before regression 
(nonrcsistunt tumor cells). The resistant tumor cells remained class 
l-posirive at the same level as the original tumor cells by FACS- 
can. and could process and present endogenous Ag, gplGO, as 
shown by their ability to be lysed by P18-ntB-spccific CTL when 
infected with recombinant vaccinia virus expressing gpl60. Since 
gpl60 on 15-12RM cells could not be detected by Western blot 
and flow cytometric analyses, wc investigated the presence of 
DNA and the expression of mRNA. Wc could detect amplified 
DNA of the v3 loop (containing P18-1IEB) of gp! 60 trom resistant 
tumors as well as from the original I5-12RM and nonrcsistant 
tumors, and the DNA did not contain any point mutation at any- 
coding position within or near the v3 loop. However, only resistant 
tumor cells lost the expression of mRNA for the v3 loop. More- 
over, tumor celts recovered from CJ>8-dcpletcd mice could be 
lysed by CTL specific for P18-IIIB. Thus* this acquisition of ro 
sistance against CTL occurred only in the presence of immune 
pressure by CDS T cells, These resistant tumor cells could grow in 
normal BALB/o mice without regression and were not killed by 
CTL after several weeks of culture in G41 ^containing medium, 
which means that escape variants selected by CD8 T cells were 
atable both in vivo and in vitro, in contrast to the situation in 
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another report (73)- Our results make contamination of escape 
variants in the original J5-12RM cells unlikely, In vivo, the tumor 
is removed from the G418-eontaining selection medium used to 
select for neomycin-resistant cells. However* this removal is un- 
likely to play a role in the escape for several reasons. First, the 
original 15-12 cells were made by cotranaf action with NecF and 
fjp]60 genes on different plasmids, SO tlmt Ned* could be used to 
select for cells that took up DNA in the original transfection, but 
selective pressure from 0418 should not affect retention of the 
gp!60 gene (38). Second, the original 15-12 trail sfcctnnts continue 
to express gpl60 for at least 3 mo in culture without G418. Third, 
the failure to develop resistant tumors in the CD8-dep1eied mice 
(in the absence of G418), aa just mentioned, implies that the se- 
lection for resistance requires CD8-mcdiated immune pressure. 
Fourth, the gene for gpl60 is retained, but just the mRNA expres- 
sion is lost. Thus, it is very important to know how CTL pressure 
can cause the decrease of mRNA expression of the epitope region 
in tumor cells' to allow escape from immunological surveillance. 

In conclusion, this model has allowed ue to begin to dissect 
some of the mechanisms mediating and regulating tumor immu- 
nosurvcillance. CDS* CTL appear to be critical for causing tumor 
regression, but quantity of CTL alone is not sufficient Rather, 
qualitatively different CTL that produce more IFN-y and remain 
activated in vivo may be critical, The qualitative difference in CTL 
is influenced by CTVT celJs that regulate the CDS" 1 " response, but 
this regulation cannot be explained simply by the Thl/Th2 bal- 
ance. Further studies to determine the mechanism of this regulation 
will be important for designing optimal immunotherapy. It may be 
valuable to induce CTL producing high amounts of IFN-y, as well 
as having high avidity, to obtain good quality CTL for immuno- 
therapy. Such CTL could be a useful component of a strategy 10 
prevent escape variants of tumor cells and to prevent recurrence of 
tumors to control malignant disease. Concurrent abrogation of the 
inhibitory effects of CD4 cells without eliminating IFN-y produc- 
tion may provide a successful concerted approach to cancer 
immunotherapy. 
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Identification of Multiple Antigens Recognized by 
Tumor-Infiltrating Lymphocytes From a Single Patient: Tumor 
Escape by Antigen Loss and Loss of MHC Expression 

Hung T. Kliong, Qiong J. Wang, and Steven A. Rosenberg 



Abstract: The authors describe a patient who experienced recur- 
rence of metastatic melanoma after an initial dramatic response iu 
immunotherapy using peptides derived ftoin gpl 00, MART- 1, and 
tyrosinase emulsified in incomplete FrcutuTs adjuvant, and present 
data to support the hypothesis that the progression of disease in this 
patient was duo to in vivo immtuio selection for imtnimoresistant tu- 
mor variants. The authors previously demonstrated the existence of 
T-cclI clones in this patient** peripheral blood and tumor-infiltrating 
lymphocytes (TILs) reactive against multiple antigens* including 
gplOO, the cyrosrnase-rclatcd protein (TRP>2, a novel TRP-2 iso- 
forrrj-TRP-2-6b, SOX10, and The melanoma antigen NY-£SO-l. In 
addition to the multiple HLA-A2 restricted T-eell done?, the authors 
have now identified additional HLA-B/C-restrictcd as well as clasa II 
(HLA-DI^restricted anti-melanoma antigen T-cell clones from this 
patient's TIL. One recurrent rumor slwwed loss of expression of mul- 
tiple tumor antigens but retention of HLA class I expression. The 
other Tecurrent lesion showed total loss of HLA class I expression 
even though the trniraT cells still cxprcBbedmany melanoma antigens. 
This paper thus provides evidence for both the effectiveness of the 
immune destruction of cancer as well as problems associated with 
antigen- loss tumor escape mechanisms. 

Key Words; tumor-mfiltratTng lymphocytes, vaccination, melauomu 
antigens, tumor escape, immunosclcctiofl 

(JInmunoiher 2004;27: 1 84-190) 



The identification of tumor-associated antigens (TAA) 
has opened new opportunities for the development of 
cancer immunotherapies. Most of the human melanoma an- 
tigens reported so far belong to two major groups: Ihe 
inclaxiocyte/mclanoma-dilTcrentjation antigens (MDAs) and 
the canccr-testis antigens (CTA), such as MAGE and NY- 
ESO-1 > that are ovcrexpressed in tumors of various histologies 
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but not in normal tissues except for testis. The commonly 
known MDAs include gpl 00, MART-1, tyrosinase, and the 
tyrosinase-related proteins TRP-1 and TRP-2. Many clinical 
vaccine trials have been conducted based on these antigens, 
using immunization with peptide epitopes with or without 
modification or with recombinant DNA vaccines. A recent 
Study has suggested the efficacy of irnmunolherapy using a 
modified gpl 00 antigen together with high-dose interleulrin-2 
(IL-2). 1 Both humoral and cellular immune responses directed 
against NY-ESO-1 have been reported in patients with NY- 
ESO-1 -expressing tumors. 2 

, Despite recent progress in tumor immunobiology and 
technical advances in the field of tumor immunotherapy, cur- 
rent cancer vaccine strategies employed in the treatment of pa- 
tients with cancer have been successful in only rare and spo- 
radic cases. The lack of observed tumor regression is most 
likely due to inadequacies of current immunotherapy strate- 
gies. In some instances where objective clinical responses (Le., 
complete and partial responses) have been observed after im- 
munotherapy, tumors often recur or progress. It is not clear to 
what extent irrnnunosetection for tumor variants that fail to 
express the appropriate antigens are responsible for these re- 
currences. 

In this paper, we describe a patient who experienced pro- 
gression and recurrence of melanoma tumors after an initial 
dramatic response to immunotherapy using peptides derived 
from gpl 00, MART-1, and tyrosinase emulsified in incom- 
plete Freund's adjuvant (1FA), and present data to support the 
hypothesis that the progression of disease in this patient was 
due to in vivo immunosclcction for immuiioresistant tumor 
variants. We demonstrated the existence of T-ccU clones reac- 
tive against multiple antigens in. tin s patient* s peripheral blood 
and tumor-infiltrating lymphocytes (TILs). This patient devel- 
oped cellular immunity against 12 different MHC-restrictcd 
cancer antigens, including the HLA-A*0201 restricted gpl 00, 
TRP-2, a novel TRP-2 isoform-TRP-2-6b, the CTA NY-ESO- 
l , and the newly identified MDA S OX1 0, 3 as well as to HLA- 
B/C^restricted and class i f (HLA-DP)-restricted melanoma an- 
tigens. Simultaneous loss of expression of multiple antigens or 
loss of expression of MHC molecules was scon that might have 
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accounted for this patient's recurrence after a substantial clini- 
cal regression following iitutiunotherapy. 

MATERIALS AND METHODS 

The patient was a 63-year-old woman who underwent a 
wide local excision of a primary melanoma on her back in 
1981-In May 1 997, she developed a subcutaneous metastasis 
on her left chest wall; it was resected, and she was started on » 
chemoinununotherapy regimen comprising cisplatin, vinblas- 
tine, dacarbaziue, IL-2, and interferon [IFNJ-cc. Because of 
disease progression, she was referred to the Surgery Branch, 
National Cancer Institute (Bethesda, MD) in June 1 998 . At that 
time, she had developed metastatic disease in multiple sites 
including the lungs, liver, intrapelvic area, left abdominal wall, 
left thigh, and subcutaneous (SQ) areas. She was started on n 
four-peptidc vaccination protocol using 1 mg each of gplOQ: 
209-217 (21 0M), gptOO: 280-288 (288V), MART-1: 27-35, 
and tyrosinase: 3 68-376, emulsified in IF A SQ every 3 weeks. 
Most of her tumors completely regressed aaex two cycles of 
treatment (day 45), including complete resolution of a large- 
tumor in her left thigh, an intrapelvic mass, a liver lesion, most 
of the nodules in her lungs, and all but one SQ lesion. She 
completed a total of six cycles of vaccinations in October 
1998. The remaining SQ lesion was resected at the end of treat- 
ment (October 1998). A year later (October 1999), she devel- 
oped a frontal lobe metastatic brain lesion; it was resected, to- 
gether with a slow-growing subcutaneous nodule on her right 
chest wall. TIL 1790 used in this study was grown from the 
chest wall lesion. In March 2000, she underwent a second right 
temporal craniotomy for resection of recurrent disease at the 
prior bmin resection site, followed by whole-brain irradiation. 
She continued to develop metastatic lesions at multiple sites, 
including the brain, and eventually died of disease in early 
2002. 

Cell Lines 

Melanoma-reactive CTLs were derived from bulk TLL 
cultures grown in Iscove's modified Dulbecco medium (Giben 
BRL, Gaithersburg, MD) containing 6,000 TU/mL of hrJL-2 
(Chiron, Emeryville, CA). CTL clones were derived from bulk 
TIL cultures by limiting dilution with the addition of antl-CD3 
antibody (Ab) (OKT-3, Ortbo Pharmaceuticals. Raritan, HI) 
as previously described. 4 Briefly, 5 * 10 4 irradiated (3,00OcG) 
peripheral blood mononuclear cells (PBMCs) from three allo- 
geneic donors were plated in round-bottom 96-well plates with 
0.5 to 90 T cells per well. Cells were cultured in RPMI 1640 
medixim (Oibco BRL) containing 20% heat-inactivated Mil 
bovine serum (FBS) (GibcO BRL) and 30 ng/inL OKT-3 Ab 
w ith 300 IU/ml IL-2. The same dose of EL-2 was added on day 
7, and clones were tested for recognition of HLA-A2 + versus 
HLA-A2* melanoma cell lines 1 4 days after stimulation. Aflcr 
testing, the remainder of T cells were expanded by plating 
them in a T25 flask with 2.5 * 10 7 irradiated PBMCs from 
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three allogeneic donors in 25 mL RPMI 1 640 medium contain- 
ing 10% FBS aud30ng/mL OKT-3 Ab. Subsequent expansion 
was similarly done, but with 1 to 2 * 10 6 CTLs and 2.5 x 10* 
allogeneic PBMCs plated in an upright T162 flask iu 150 mL 
medium. 

All melanoma cell lines were established in the Surgery 
Branch (NCI) and previously described 4 The autologous 
melanoma cell lines 1 928 and 1 973 were established from two 
recurrent SQ lesions resected in May and October 2001, re- 
spectively. T2 cells, deficient in transporter associated protein, 
were used to test HLA-A2-restricted peptides for CTL activity. 
All cell lines were maintained in RPMI 1 640 medium supple- 
mented with 10% heat-inactivated FBS, 10 mmol/L HEPES 
butter, 100 U/mL penicillin-streptomycin (Biofluids), and 2 
mmol/L L-glutaminc (Biofluids). 

Cytokine Release Assays 

Five * l O 4 CTL cells were plated with 1 * 1 0 5 target cells 
(tumor cells or T2 cells that had been pulsed with peptides at 1 
umol/L for 2 hours at 3 7° C and washed once) in 96 -well round- 
bottom plates in 200 pL CM. Afterl 8 to 24 hours of incubation 
at 37°C, the supernatant was harvested for detection of IFN-7 
release using enzyme-linked unmunosoibcnt assay (ELISA) 
kits (Endogen, Cambridge, MA). 

For the MHC blocking assays, target cells were incu- 
bated with, the appropriate monoclonal antibody (mAb) at a 
final concentration of 50 ufi/mL for 1 hour at 37 D C prior to the 
addition of CTLs. W6/32 (anti-HLA class 1), 1VA12 (anti- 
HLA class II), andHB55 (anu-HLA-DR) were obtained from 
ATCC. Anti-HLA-DP and DQ (clones B7/21 and Irrespec- 
tively) were obtained fromLeinco (St. Louis, MO). 

RT-PCR Assays for Tumor Antigen Expression 

Total RNA of melanoma samples was isolated using 
RNeasy Mini Kit (Qiagen, Valencia, CA). cDNA was pre- 
pared from total RNA using the First-Strand cDNA Synthesis 
Kit (Amersham Pharmacia Biotech Inc., Piscataway, NJ). 
Primers used for PCR were as follows: gplOO (forward) 5'- 
GCTTGGTGTCTCAAGGCAACT-3' and (reverse) 5'- 
CTCC AGGT AAOT ATG AGTGAC-3 ' , PCR product size: 
751 bp*; MART-1 (forward) 5'-ATGCCAAGAGAAGAT- 
GCTCAC-3' and (reverse) 5 ' -A GC ATGTCTCAG GT- 
GTCTCG-3 PCR product size: 384 bp 5 ; tyrosinase (forward) 
5 r -TTGGCAGATTGTCTGTAGCC-3' and (reverse) 5'- 
GCTATCCCAGTAAGTGGACT-3 ' , PCR product size: 252 
bp 5 ; NY-ESO-1 (forward) 5' AGCCGCCTGCTTGAGTTC- 
TACCTC 3' and (reverse) 5' AOGGAAAGCTGCTGGAGA- 
CAG 3' PCR product aize: 221bp*; SOX10 (forward) 5'- 
CTTCGGCAACGTGGACATT-3' and (reverse) 5'- 
TCaGCCAC ATCA AAGGTCTCC-3 ' , PCR product size: 72 
bp: TRP-2 and TRP-2-6b (forward) 5'- ACTGCGAGCG- 
GAAGAAACCA-3 * and (reverse) 5 ' -GGCATCTGCAG^ 
GAGGATT AA-3 ' and 5 '-ATGCAGGGAAGGGAGlTCCT- 
185 
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TABLE 1. HLA-A2-Restricted Activities of Patient'* TIL Clones and Cloids 



Target* 



HLA-A2 



624mel 

526rocl 

F002Kmel 

H02mc! 

624-28rttcl 

397mel 

938njcl 

T2 putocd with 
gpl00;]54-162 
gpl00;209-217 
gpl 00:280-28* 
MART-1 :27:35 
TYR;36B-376 
TRP-2:1 80-18* 
TRP-2-4b:403-4l 1 
NY-ESO-l:157-l65 

T cell ulonc 



Antigen recognized 



+ 
+ 
+ 

+ 
+ 

.+ 

+ 



M26 



T-Cell Clontss or Cloids ffOTO Patient 



M-Al 



>iooo 

>1000 

1 

>J000 
0 
0 
0 

0 

MOOO 
0 
0 
0 
0 
0 
0 
0 
0 

gpIOO 
(209-217) 



M00Q 
MOOO 
0 

>10QO 
0 
0 
0 

0 
0 
0 

>J0OO 
0 
0 
2 
1 
1 
1 

MART-1 



M1B 



MART- 1; 
Tyrosinase 



M-ES 



M-D* 



M8 



M37 



(154-162): 
MART-1 



MR1 



>1000 


MOOO 


MOOO 


MOOO 


MOOO 


MOOO 


59 


>1000 


MOOO 


MOOO 


MOOO 


0 


MOOO 


2 


24 


0 


>1000 


MOOO 


MOOO 


MOOO 


MOOO 


303 


MOOO 


MOOO 


226 


0 


MOOO 


]] 


1 


0 


2 


0 


0 


2 


7 


I 


2 


2 


0 


0 


0 


4 


0 


2 


2 


0 


0 


0 


0 


0 


MOOO 


3 


0 


0 


0 


0 


0 


1 


2 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


3 


MOOO 


MOOO 


0 


0 


0 


0 


7 


761 


0 


0 


0 


0 


0 


11 


4 


5 


MOOO 


1 


0 


0 


4 


7 


9 


5 


MOOO 


1 


0 


4 


6 


6 


7 


2 


MOOO 


0 


5 


7 


8 


7 


4 


0 


MOOO 


0 


6 


7 


7 


4 


0 


0 


4 




gplOO 













TRP-2-6b NY-ESOl SOX10 Unknown 



3 1 respectively, PCR product size: 998 bp and 923 bp, respec- 
tively; B-actin (forward) S'-ACACTGTGCCCATCTAC- 
GAGG-3' and (reverse) 5 ' -AGGGGCCGGACTCGTC AT- 
ACT-3\ PCR product size: 621 bp 7 ; (32-m (forward) 5'-ATT 
CGG GCCG AGATGTC-3 ' and (reverse) S'-ACCTCCAT- 



GATGCTGCTT ACA-3 ' , PCR product size: 388 bp. Cycling 
conditions were 94°C for 1 minute, 60 d C for 30 seconds and 
72°C for 2 minute* for 35 cycles, except for 0-actin (31 
cyclea). 



TABLE 2. Activities of Non-HlA-A2-Restricted TIL Clones 



Clone* 



Targets 


M-DS 


M-E10 




(pg/niL lFN-y) 


624-28mel 


3 


42 


624md 


2 


132 


888mel 


7 


5* 


$88A2rool 


8 


52 


938mcl 


30 


40 


526raei 


1 


>100O 


SK23mel 


5 


65 


1973rael 


9 


53 


1928uwl 


>1000 


52 


1938mcl 


9 


457 


Medium 


1 


52 



186 



TABLE 3. HLA-Biocklng Assay of Clones M-E10 and M-D5 



Controbt 



Target* Plus 


M-E10 


M-D5 


M-AJ 


LB7 


LB11 




(pg/mL TFN-'y) 






No mAb 


940 


1009 


860 


484 


606 


Anti-HLA class I 


0 


1 


0 


336 


13 


Anti-HLA A2 


839 


765 


30 


446 


536 


Anti-HLA B/C 


0 


34 


610 


419 


8 


Anti-HLA class II 


788 


657 


659 


64 


440 


T cell alone 


0 


0 


0 


3 


4 


% reduction 


100 


97 


97 


87 


99 



♦Target*: 526 mcl for M-E10 «nd M-Al ; 1928 for M-D5; F002Rmei for 



tCorttmla: M-Al >* an HLA-A2-r<^icted, MART- 1 -specific CTL clone 
LB7 andLBllarctwo allogeneic HLA-DR* and HLA- B/C restricted clone*, 
respectively. 
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cDNA Sequencing to Detect Mutations 
In (*2-m 

Sequencing of p2-n\ cDNA derived from 1973 mela- 
noma cells was performed with an ABI Prism 3 1 00 Avant Ge- 
netic Analyzer (Applied Biosystems, Foster City, CA) asntifi 
the Dye Tcimiuator Cycle Sequencing Ready Reaction kit 
(Pcrkin-Elmcr). Mutations were searched against Ihc Gen- 
Bank database using the BLAST algorithm and Global Align- 
ment of Two Sequences. 

RESULTS 

Activities of TIL Clones/Golds Derived From 
Bulk TIL 1790 

TIL line 1790 was isolated from a slow-growing SQ le- 
sion resected from the patient's right chest wall in November 
1999. In an attempt to identify the antigen(s) recognized by 
TIL 1 190, a number of TIL clones/cloids were generated from 
tliis TIL line by limiting dilution. The activities of the HLA- 
A2-restricted TIL clones and cloids against melanoma cell 
lines and multiple peptide antigens arc shown in Table t . Two 
clones with separate HLA-B- or C-restricted activities were 
also isolated from the bulk TIL (Tables 2 and 3). In addition, 
the patient's pretreatment PBMCs also showed strong preex- 
isting immunity to gplOO (epitope 154-162), the two TRP-2 
antigens, and NY-ESO-1 (data not shown). 

Besides the class I-restricled reactivities, the bulk TILs 
also contained a CD4* population that recognized tumors in a 
class II HLA-DP-restricted fashion (data not shown). 

Loss of Recognition by Autologous TIL Clones 
of Autologous Melanoma Cell Lines 
Established From Recurrent Lesions 

Recurrent subcutaneous tumors on the right upper abdo- 
men and right lower back lesions were resected in May and 
October 2001, respectively. Melanoma lines, 1928mel and 
1973mel, respectively, were established in vitro from, the two 
lesions and were used as targets for recognition by autologous 
TIL clones. Neither cell line was recognized by autologous 
HLA-A2-restricted, antigen reactive TIL clones that recog- 
nized gpl 00, MART-U TRP-2, TRP-2-6b, or NY-ESO-1 epi- 
topes (Table 4). 

Characterization of Autologous Melanoma 
Lines 1928mel and 1973mel 

To elucidate the mechanisms responsible for the lack ol 
recognition of melanoma lines 1928mel and l973mcl by au- 
tologous HLA-A2-restricted TIL clones, RT-PCR analysis 
was performed to cheek for expression of known melanoma 
antigens. Tn addition, expression of HLA class 1 and HLA-A2 
antigens on the two cell lines was analyzed by FACS. 1928mcl 
expressed both HLA class 1 and HLA-A2 (Fig. 1) but did not 

<© 2004 Lippmcalt Williams & Wiltons 



TABLE 4. No Recognition of Autologous Cell Lines, 192Bmel 
and 1973mel, by Autologous HIA-A2- Restricted TIL Clones 



TIL Clonus from Patient 





MB4 


M6 


MR7 


M8 


M26 






(pg/pal> rFN"-f) 






o?8mer» 

192Bnici 
I973mcl 
Medium 


7 

>J00O 
32 
41 
42 


>1000 
41 
43 
23 


11 

>1000 
41 
43 
14 


40 

>iooo 

U 
16 
15 


36 
>J0OO 
11 
7 
4 


Antigen 
recognition 


TRP-2-6b 


MART-1 


TRP-2 


NY-ESOL 


gplOO 



**£LA-A2 positive control nudanoma cell Line. 
tHLA-A2 negative control nwlnnoma cell line. 



express any known melanoma antigens tested except for weak 
expression of the MDA SOX10 (Fig. 2). 

In contrast, 1 973mel expressed all known melanoma an- 
tigens tested except for NY-ESCM (see Fig. 2) but did not 
express HLA class 1 antigens (see Fig. I). A functional pep- 
tide-pulsing assay was performed to confirm the findings. 
1 928mel, but not 1 973mel , when pulsed with an HLA-A2 pep- 
tide (MART-1 • 27-35) was recognized by a MART-1 -specific 
TIL clone (Table 5), further demonstrating the lack of HLA- 
A2 expression by 1973noel. 



624tdc1 CP08. control) 



1858mcl (Neg. control) 




HLM2FITC 




1928mol 



10' 10 2 10* 
HUWttFITC 



J973mel 




HIA-A2HTC 



FIGURE 1. HLA class I and HLA-A2 expression of the two au- 
tologous cell lines, 1928mel and 1973meL 
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TABLE 5. Functional Assay to Test for HLA-A2 Expression by 
Autologous Cell Lines 1928mel and I973mel 







M6* 


LB7.4.2t 




Puked 






Targets 


with 


(pg/raL IFN-y) 


192Sracl 


None 


10 


969 


l92Smel 


gpl00:280-288 


H 


931 


1928mel 


MART- 1:27-35 


687 


953 


1973uk1 


None 


5 


728 


1973mel 


gpl00:28 0-288 


10 


723 


1973n>cl 


MART-L27-35 


6 


507 


T2 


None 


6 


12 


T2 


gplOO:28Q~288 


7 


11 


T2 


MART-l:27-35 


923 


11 


Medium 




9 


8 



♦M6 U on HLA-A2r«Wt<itfid, MART-1 -specific CTL clone 
tT.B7.4.2 ia acopt*ol allogeneic CD4+ clone fhat recognized ] *28>tfd and 
J973meL 



MskMOUM 

cell lino 




MART- J Tyro 


ginue NY-ESO-1 SOX 1 ft 










+ 






f 


+ 




T » 






+ 




♦ ♦ 



FIGURE 2. Melanoma antigen expression patterns In the two 
autologous cell lines, 1 928mel and 1 973mel, derived from two 
recurrent lesions. The allogeneic cell line 624mel, which ex- 
pressed all antigens of Interest, was used as a positive control. 
Lanes 1 and 2: 1928m«l; lanes 3 and 4: 1973mel; lanes 5 and 
6i 624mel; lane 7: no template control (H 2 0 control) 



Mutation of 0 2 m In 1973mel Resulted in Loss 
of MHC Class I Expression 

Since IFN-v-treated l973mel was not recognized by 
autologous HLA-A2-restricted TIL clones (data not shown), 
the medianism underlying total loss of MHC class T antigens 
in 1973mel was more likely a result of structural rather than 
functional alterations. j?rom our previous studies 8 and recent, 
unpublished observations, loss of p^in (due to somatic muta- 
tions) was demonstrated in some melanoma cell lines that 
exhibited total loss of MHC class I expression. Therefore, 
the (3 2 m cDNA derived from I973mel was sequenced and 
found to have a 2 base-pair (TT) deletion at positions 331-332. 
resulting in a truncated protein secondary to an early stop 
codon (Fig. 3). To confirm that the mutated 0 2 m *as the un- 
derlying cause of total loss of MHC class 1 antigens, 1973me1 
was electroporated with a plasmid encoding the wild-type 
(WT) p 2 m cDNA and tested for recognition by autologous 
HLA-A2-rcstricted TIL clones. Only 1973mel transfected 
with WT Pirn but not the control GFP plasmid was recognized 
(Table 6). 

188 



Earlier Tumor Recognized by Autologous 
HLA-A2-Restrlcted TIL Clones 

To test whether the loss of recognition of the two recur- 
rent tumors, I928mel and 1973mel, was a later event during 
the patient's disease progression, an earlier tumor (FrTu 1 790), 
resected approximately 1.5 years before lesions 192S and 
1 973, was used to test for recognition by autologous HLA-A2- 
restricted TIL clones. Since we could not establish a cell line 
from this lesion, a fresh tumor cell suspension was used as a 
target. FrTu 1790 was recognized by multiple TIL clones 
(Tabic 7). This functional assay demonstrated that many of the 
ceDs in FrTu 1790 expressed bom HLA-A2 antigen and mul- 
tiple melanoma-associated antigens. 

DISCUSSION 

Current cancer vaccine strategies have been only spo- 
radically successful in eradicating tumors, probably mainly 
due to the inadequacies of current immunization regimens. A 
few patients have experienced dramatic clinical responses fol- 
lowing immunization with cancer antigens, although tumors 
recur in many of these patients. Partial or total loss of HLA 
class I expression or downregulatiou of tumor antigens in the 
residual or recurrent tumors has been demonstrated in some 
cases, thus accounting for the escape of tumor from immune 
destruction. 9 "' 1 

1973mcr& £Lm: gaaccatgtG»£_^tgtCaCAG 
2 | | 1 1 | M I I I I I I I I I I I 1 1 

Wild-type (J 2 m: 319 gaaccatgtgactttgtcacag 34 o 

FICURE 3. Double base-pair deletion (underlined) detected in 
the p 2 m cDNA derived from melanoma cell line 1973mel. 
Wild-type Mi was from GenBank sequence NM J>04048.1 . 
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TABLE 6. Recognition of 1973 Melanoma Cells Transfected with Wild-Type (S2m by 
Autologous HLA-A2-Restricted TIL Clones 





M8 


M-Al 


M28 


M37 


Targets HLA-A2 




(pg/mL IFN-t) 




1973mel/GFP 


0 


15 


1 


0 


lSr73rocl/&2ui 


0 


438 


>1000 


137 


624-23idcI 


0 


0 


0 


0 


624tt«1 + 


943 


>!000 


>1000 


>1000 


Medium 


3 


7 


1 


4 


Antigen recognized 


NY-ESO-1 


MART-1 


TKP-2n6b 


SOX10 


Antigen expressed in 1^73mcl 




4- 




+ 



This article describes immune studies of a unique patient 
who exhibited a dramatic regression of cancer at multiple vi s* 
ccral and soft tissue sites following irnmuiuzalion with four 
HLA-A2 peptides from three MDAs — gplOO, MART-1, and 
tyrosinase — emulsified in IF A. Most of her tumors completely 
regressed after two cycles of treatment (day 45), including 
complete resolution of a large tumor in her left thigh, an intra- 
pelvic mass, a liver lesion, most of the nodules in her lungs, 
and all but one SQ lesion. We demonstrate here that tumor 
recurrence was associated with loss of either melanoma anti- 
gens or MHC molecules. 

Evidence is presented here for in vivo imraunoselcction 
of NY-ESO- 1 -negative tumor variants. Tumor 1790 (year re- 
sected, 1999) was recognized by an NY-ESO-1 -specific TIL 
clone (M8). However, both recurrent tumors in 2001 -tumors 
1928 and 1973 -were negative for NY-ESO-1 expression by 
RT-PCR, andneithcr was recognized by clone M8, The patient 
had strong preexisting immunity to NY-ESO-1 as detected in 
her prctrcatment PBMCs, 4 even though she was not vaccinated 
against NY-ESO-1 antigen. In addition, NY-ESO-1 -specific 
lymphocytes have also been cloned from her TILs. 



In addition, the patients TILs and peripheral blood con- 
tained reactivities directed against multiple melanoma anti- 
gens, including gplOO: 209-217, gplOO: 154-162, MART-1, 
tyrosinase, TRP-2, TRP-2-6b, NY-ESO-1 , SOX10, an as-yet- 
known HLA-A2-rcstricted antigen, two HLA-B- or C- 
rcstrictcd antigens, as well as an HLA-DP -restricted antigen. 
These multiple immune reactivities may account for the emer- 
gence ofimmunoresistant tumor variant 1928, which lost ex- 
pression of most of the known antigens mentioned previously. 
Even though cell line 1 928mel expressed SOX10, the level of 
expression was minimal, as demonstrated by a weaker band on 
a highly sensitive RT-PCR assay (see Fig. 2), and by real-time 
quantitative RT-PCR* 3 Even though downregulation of indi- 
vidual antigens due to separate mutational events Is a possibil- 
ity, regulatory mechanisms such as cytokuie-drivcn antigen si- 
lencing 12 seem to be a more plausible explanation. Since 
SOX10 is a potent transactivator of the microphthalmia- 
associated transcription factor (MFFF) gene, 15 which in turn 
regulates the expression of multiple MDAs, 14,1 5 downregula- 
tion of SOX1 0 through regulatory mechanisms may interfere 
with the expression of multiple MDAs. Therefore, we hypoth- 



TABUE 7. Recognition of an Earlier Tumor (FrTu 1 790) by Autologous HLA-A2-Restricted TIL Clones 



TIL Clones from Patient 



Targets 


HLA-A2 


M26 


M-Al 


M-D2 


M-G5 


M8 


M37 






(pg/mL IFN-7) 






FiTu 1790 




261 


751 


847 


m 


>1000 


3.18 


192Smel 


+ 


0 


45 


10 


24 


5 








0 


0 


14 


21 


6 


0 


6*24mel 


+ 


>1000 


> 1 000 


>1000 


494 


770 


>\000 


624-28mel 




0 


2 


12 


5 


4 


0 


Medium 




0 


0 


35 


0 


0 


0 


Antigen recognised 




gplOO 


MAkT*l 


TRP-2 


TRP-2-Gb 


NY-ESOl 


$0X10 
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esize that the loss of antigen, expression was a result of 
two separate events: one involved the loss of the CTA 
NY-ESO-1 , most likely by a mutation, and the other involved 
SOX10 and other MDAs, most likely through a regulatory 
mechanism. 

Another imniunoresistant phenotype that emerged from 
this patient's recurrent tumors was a total HLA class I loss 
variant. Tumor 1973, which recuued in October 2001, ex- 
pressed multiple melanoma antigens but did not express HLA 
class L The mechanism underlying this pbenotype was a 
double base-pair deletion in the p-2m molecule. This accounts 
for the lack of recognition of I973mel by HLA-A2-restricted 
autologous TIL clones and helps explain the recurrence and 
progression of tumor 1973. 

The fact that autologous HLA-A2-restricted TIL clones 
specific for multiple melanoma antigens recognized an earlier 
tumor (PrTu 1 790) resected close to 2 years before the resec- 
1 ion of the two recurrent lesions is an indication that FrTu 1 790 
expressed both HLA-A2 antigen and multiple melanoma anti- 
gens. Therefore, it seems that in vivo immunoscloction of im- 
munoresistant tumor variants that exhibited total loss of HLA* 
class I antigens or multiple melanoma antigens indeed oc- 
curred in this patient, who experienced a dramatic response but 
later died of recurrent disease. The appearance of PrTu 1790 
recurrent lesion in the presence of multiple tumor-specific T- 
cell clones 1 year after treatment may reflect the suboptimal 
activation state of these T cells without help from exogenous 
sources such as the peptide/IFA vaccination used in the previ- 
ous treatment. Recurrent tumors 1928 and 1973 most likely 
originated from a few iramunorcsistant tumor eel) clones that 
escaped immune destruction during the peptide/IFA treatment. 
It is likely that these tumor cell clones might have taken a few 
years to become clinically detectable, as seen in 2001 when 
they were resected. 

In conclusion, this paper illustrates a situation, that may 
become more prevalent as immunolherapy-based treatments 
for cancer become more effective: the destruction of immuno- 
sensitivc tumor cells but the eventual progression of immuno- 
resistant tumor variants. 
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HER-2/neu antigen loss and relapse of mammary 
carcinoma are actively induced by T cell-mediated 
anti-tumor immune responses 
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1 Department of Microbiology & Immunology , VCU School of Medicine, Massey Cancer 
Center, Richmond, VA 

2 Department of Immunology, Mayo Clinic College of Medicine, Rochester, MN 

3 Department of Pathology, VCU School of Medicine, Massey Cancer Center, 
Richmond, VA 



Induction of tumor-specific immune responses results in the inhibition of tumor 
development. However, tumors recur because of the tumor immunoediting process that 
facilitates development of escape mechanisms in tumors. It is not known whether tumor 
escape is an active process whereby anti-tumor immune responses induce loss or 
downregulation of the target antigen in the antigen-positive clones. To address this 
question, we used rat neu-overexpressing mouse mammary carcinoma (MMC) and its 
relapsed neu antigen-negative variant (ANV) . ANV emerged from MMC under pressure 
from neu-specific Tcell responses in vivo, We then cloned residual neu antigen-negative 
cells from MMC and residual neu antigen-positive cells from ANV. We found marked 
differences between these neu-negarjve clones and ANV, demonstrating that the 
residual neu-negative clones are probably not the origin of ANV, Since initial rejection of 
MMC was associated with the presence of DFN-y-secreting T cells, we treated MMC with 
IFN-y and showed that IFN-y could induce downregulation of neu expression in MMC. 
This appears to be due to methylation of the neu promoter. Together, these data suggest 
that neu antigen loss is an active process that occurs in primary tumors due to the rieu- 
targeted anti-tumor immune responses. 
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Introduction 

Tumor escape and recurrences are major challenges in 
immunotherapy of cancers, including breast carcino- 
mas. Therefore, understanding the mechanisms by 
which primary tumors escape from the host immune 
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responses may offer critical insights into the improve- 
ment of cancer immunotherapy and lead to the 
development of new immunotherapeutic approaches. 
A variety of molecular alterations in tumors have been 
reported. These include, but are not limited to, the loss 
or downregulation of MHC class I antigens in tumors, 
defects in antigen presentation machinery such as TAP 
and/or p-2 microglobulin, expression of Fas ligand and/ 
or loss of Fas in tumors, expression of HLA-E or Qal as 
killer inhibitory ligands in tumors, and loss of tumor 
antigens [1-4]. 

While immune responses can be induced against a 
variety of cancers, resulting in the inhibition of tumor 
development, molecular alterations in tumors can also 
occur under immune pressure, resulting in tumor 
escape. In other words, anti-rumor immune responses 
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can function as a "double-ed^ed" sword exerting both 
host-protective and tumor-evading effects on developing 
cancers; "cancer immunoediting" has been coined to 
accurately describe the latter phenomena. It was 
reported that chemically induced methylcholamhrene 
(Meth A) sarcomas derived from immunocompetent 
animals were more tumorogenic when inoculated into 
naive wild-type mice than tumors similarly derived from 
immunodeficient animals [5-7], Based on these find- 
ings, it has been envisaged that cancer immunoediting is 
a result of three processes; elimination, equilibrium, and 
escape [8], At the equilibrium phase between immune 
response and tumor growth, Darwinian selection has 
been suggested to be the mechanism for cancer 
immunoediting [9J. According to Darwinian selection, 
the tumor-specific immune responses eliminate highly 
immunogenic tumor cells, leaving behind tumor var- 
iants of reduced immunogenicity that have a better 
chance of surviving in the immunocompetent host. 
There are also reports suggesting that immune-mediated 
induction of epigenetic changes in primary rumors leads 
to tumor antigen loss [10, 11]- Using a neu-over- 
expressing primary tumor (mouse mammary carcino- 
ma, MMC) and its relapsed ncu antigen-negative variant 



(ANV), wc describe how neu-specific immune responses 
may induce tumor escape. We show that IFN-y is 
involved in downregulation of neu expression in 
primary tumors by inducing methylation of the mouse 
mammary tumor virus (MMTV) promoter. 



Results 

Rejection of MMC in FVB mice is mediated by host 
T cell responses 

Wild-type FVB mice spontaneously reject MMC because 
the tumor cells overexpress rat neu antigen. In order to 
determine whether spontaneous rejection of MMC in 
FVB mice is mediated by T cells, animals were depleted 
of CD4+ and CD8 + T cells by the injection of GK1.5 and 
2.43 Ab, respectively [12]. Animals were then inocu- 
lated with MMC (5 x 10 6 cells/mouse). Depletion of 
T cell subsets continued until the end of the trial As 
shown in Fig, XA, all wild-type mice rejected MMC 
within 3 wk, while animals depleted of CD4 + and CD8 + 
T cells (CD4VCD8") progressively developed tumors. In 
order to determine the neu specificity of the rumor 
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Figure 1. Rejection of MMC in FVB mice and downregulation of neu antigen are mediated by T cell immune responses. (A) Wild- 
type immunocompetent (MMC) or CD4 + and CDS* T cell-depleted (CD47CD8") FVB mice (w=4) were inoculated with MMC. One 
group of FVB mice was inoculated with ANV {ANV). As a control. FVBN202-transgenic mice (n=3), which are tolerant to neu protein 
and fail to reject MMC, were inoculated with MMC (FVBN202). (B) RT-PCR analysis for detection of neu mRNA m tumors denved 
from MMC-challenged Ct>47CD8~FVB mice (a) show no neu antigen loss. Expression of neu mRNA in neu-overexpressmg MMC (b) 
and neu-negative ANV (c) was determined as positive and negative controls. (C) Detection of neu expression by flow cytometry 
analysis of a viable MMC line and MMC cells isolated from CD47CD8" FVB mice. (D) Expression of the n eu protein in freshly isolated 
ANV or MMC. 
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rejection, wild-type mice were inoculated with ANV. All 
the mice failed to reject ANV, As an additional control for 
the neu specificity of MMC rejection, FVBN202- trans- 
genic mice that tolerate neu protein were inoculated 
with MMC. All the FVBN202 mice progressively 
developed tumors. Semi-quantitative RT-PCR analysis 
of the tumors isolated from CD4"/CD8~ FVB mice 
showed no neu antigen loss in the absence of effector 
T cells (Fig. IB). The MMC cell line and the relapsed ANV 
tumors were used as neu-positive (b) and neu-negative 
(c) controls, respectively. Expression of neu rnRNA in 
the MMC cell line was higher (100%) than expression in 
freshly isolated rnRNA from solid tumors (61%) because 
of the presence of other infiltrating cells in the tumor 
microenvironment. When these solid tumors were 
cultured in vitro to establish viable tumor clones, neu 
overexpression in the clones was consistently compar- 
able with neu overexpression in the MMC line (MFI: 276 
versus 265, respectively; Fig. 1C). Freshly isolated MMC 
or ANV were positive or negative for neu expression, 
respectively (Fig. ID). 

Heterogeneity of MMC and ANV in the expression 
of neu 

We have established several lines of primary MMC and 
relapsed ANV cells. Flow cytometry analyses of MMC 
and ANV lines showed residual neu-negative clones 
among MMC cells and neu-positive clones among ANV 
(Fig. 2A). We sought to determine whether ANV 
emerged from the residual neu-negativc clones in 
MMC because of the elimination of neu-overexprcssing 
clones by anti-neu immune responses. We sorted neu- 
negative clones of MMC (MMC 0 * 8 ) and neu-positive 
clones of ANV (ANV pos ); MMC QC * cells were 100% neu- 
negative, while ANV* 08 cells were 100% neu-positive, 
with intermediate expression of neu as compared to 
MMC (Fig. 2A). These cells were stable for the absence 
or presence of neu expression over 45 passages. Semi- 
quantitative RT-PCR analysis also showed that ANV 71 ™ 
and MMC nftfi cells were positive (23%) and negative 
(0%), respectively, for the expression of neu rnRNA 
(Fig. 2B). MMC had the highest expression of neu rnRNA 
(100%), while ANV had minimal neu expression (5%). 
Since neu expression in the FVBN202-tran5gentc mouse 
is regulated by hypomethylation of MMTV promoter 
[13], we used bisulfite methylation assays and detected 
hypomethylation and hypexmethylation of the CpG-rich 
sites within region 1 (corresponding to nucleotides 
56-316) of MMTV in MMC or ANV pw and ANV or 
MMC ncR , respectively (Fig. 2C). There was no mutation 
in the neu gene or MMTV promoter (data not shown). 
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Distinct proliferation rates of ANV and MMC neg 
clones 

fn order to determine proliferation rates in vitro, all the 
tumor lines (2.5 x 10 5 cells) were cultured for 3 days, 
and viable cells were counted in triplicates using trypan 
blue exclusion. The viability of cells was above 98%. 
Proliferation rates were calculated as follows: total cell 
numbers after 3-day culture divided by cell numbers on 
day 0. As shown in Fig. 3A, ANV had the highest rates of 
proliferation (8.8), while ANV 4 *" had the lowest rates 
(2.6). Proliferation rates of MMC (5) and MMC nc * (4.5) 
were comparable- Student's t-test analysis showed 
significant differences in proliferation rates between 
ANV and MMC M * (p-0.01) or between MMC and 
ANV* 08 (p=0.03). 

Differential expression of H-2 q , STAT-1 and Fas in 
ANV and MMC neg clones 

There were substantial differences between MMC and 
ANV, ANV 1305 and MMC, or MMC nes and ANV in 
downregulation and upregulation of certain genes 
(shown in gray dots) (Fig. 3B). Since initial rejection 
of MMC in FVB mice was mediated by T cells, we 
evaluated expression of functional genes such as H-2*\ 
the IFN-y downstream signaling molecule STAT-1, and 
Fas in these tumor lines using three biological replicates. 
As shown in Fig. 3C, ANV* 0 * had higher levels of H-2 q 
expression (MFI: 67) compared to MMC (MFI: 15) 
(p = 0.007). MMC™* appeared to have lower levels of 
H-2 q (MFI: 14) compared to ANV (MFI: 30) (p=0.03). 
Staining of the tumor cells was performed at the same 
time, and there was no variation in autofluorescence. 
Therefore, MFI are presented after the subtraction of the 
autofluorescence. 

Semi^quantitative RT-PCR analyses showed that 
expression of STAT-1 was higher in ANV^ (95.4%) 
and MMC ttes (100%) cells than in MMC (45.9%) and 
ANV (18.6%) cells. While MMC showed higher expres- 
sion of STAT-1 than ANV, expression of Fas was higher in 
ANV (64.2%) than in MMC (38.5%) cells. ANV* 0 * 
(96.3%). and MMC 1 "* (100%) had higher levels of Fas 
than MMC or ANV (Fig. 3D). 

IFN-Y-induced methylation of the MMTV 
promoter downregulates neu expression in MMC 

Initial rejection of MMC in FVB mice occurred in the 
presence of MMC-specific IFN-y- secreting T cells, while 
splenocytes of FVBN202-transgenic mice showed no 
MMC-specific IFN-Y secretion (Fig, 4A). MMC and ANV 
appeared to have similar levels of expression of IFN-y 
receptor [14]. Therefore, we cultured MMC in the 
presence or absence of IFN-y in vitro to determine 
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whether IFN-y may induce neu antigen loss. At the end 
of day 3, the viability of adherent MMC was above 99%, 
as determined by trypan blue exclusion, and the total 
number of cells reached 21.7 x 10 6 in the absence of 
IFN-y. IFN-y induced apoptosis in the majority of MMC, 
so that total cell numbers reached 9.38 x 10 s , with only 
28% viability (2.6 x 10 6 viable MMC). Flow cytometry 
analyses of the viable cells showed that IFN-y increased 
early and late apoptotic cells from 14% and 15% to 35% 
and 28%, respectively (Fig. 4B). IFN-y-treated viable 
MMC showed downregulation of neu expression both at 
the mRNA (Fig. 4C) and the protein (MFI: 329 versus 



154; Fig, 4D) level after a 3-day culture. Such effects 
were abolished when the IFN-y receptor was blocked 
using GR20 Ab (Fig. 4D). Bisulfite genomic sequencing 
showed that downregulation of neu expression by IFN-y 
was due to IFN-y-induced methyl ation of the MMTV 
promoter in MMC (Fig. 4E)> In order to evaluate the 
status of neu expression ex vivo at die time of MMC 
rejection, tumors were removed 10-14 days after the 
challenge. Flow cytometry analyses of MMC showed 
downregulation of neu expression. However, 3- to 4-wk 
cultures of these MMC in the absence of IFN-y resulted 
in upregulation of neu expression ex vivo (Fig. 4F). In 
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Figure 2. Establishment of MMC n ° H and ANVP°» tumor lines from MMC and ANV. (A) MMC or ANV were stained with anti-neu Ab 
and subjected to How cytometry analyses. Residual neu-negative clones of MMC and neu-poeitive clones of ANV were sorted using 
the Beckman Coulter EPICS Elite sorter. Sorted cells were cultured and cloned in vitro and subjected to flow cytometry for further 
analyses of neu expression. (B) RT-PCR analysis of the indicated i umor lines for the expression of neu mRNA using p-actin as an 
internal control. (C) Bisulfite genomic sequencing of the indicated cell lines. A total of ten clones per sample was sequenced. 
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order to determine whether hypomethylation of the 
MMTV promoter in ANV may reverse neu expression, we 
treated ANV with 1 and 3 [iM 5-aza-deoxyCytidine for 
3 days. As shown in Fig. 4G, 3 uM 5-axa-dcoxycytidine 
reversed neu expression in ANV as determined by RT- 
PCR. A higher concentration of 10 fiM 5-aza-deoxycy- 
tidine was toxic and failed to reverse neu expression in 
ANV (data not shown). 

In order to determine the role of IFN-y in the 
downregulation of neu expression in MMC in vivo, we 
used two clones of MMC: IFN-y receptor-positive MMC 
(MMCr + ) and IFN-y receptor-negative MMC (MMCr). 
Heterogeneity of MMC in the expression of IFN-y 
receptor alpha allowed us to prepare MMCr* and 
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MMCr" clones through cell passages in vitro. Freshly 
isolated MMC from spontaneous mammary tumors were 
MMCr* , but they lost expression of IFN-y receptor after 
a number of passages in vitro and became MMCr". 
Kowever, expression of neu antigen remained intact In 
MMCr". In order to eliminate the role of Ab responses in 
the rejection of MMC and focus on CD8* T cells as a 
major source of the neu- specific IFN-y production, wc 
depleted CD4* T cells in vivo at the priming phase of the 
immune response. Animals were then inoculated with 
MMCr + or MMCr" CFig. 5A). While helpless CD8+ Tcells 
rejected MMCr" aggressively, MMCr + remained at a 
plateau until 2-3 months after the challenge and then 
grew aggressively (Fig. SB). Aggressive growth of 




Figure 3. MMC and ANV appear to have distinct morphology, proliferation rates, and gene expression profiles. (A) All the tumor 
lines were cultured at 2.5 x 10 s cells/well in triplicates using tissue culture dishes. After 3 days in culture, adherent cells were 
detached using 0.25% Trypsm-EDTA Cells were then counted using trypan blue exclusion. Proliferation rates were calculated as 
follows: total cell numbers after 3 days in culture divided by cell numbers on day 0. (B) Microarray analysis was performed on the 
indicated samples- Background correction, normalization, and expression summaries were calculated. Scatter plot of log2- 
transformed expression summaries of the 22 690 probe sets in the Mouse430A 2.0 array are plotted for the samples indicated in the 
axes of the graphs. Gray dots show genes that were at least 2- fold different For MMC uersus ANV, MMC versus ANV", or ANV versus 
MMC ne * Similar results were obtained in independent experiments using two different microarray analyses on biological 
replicates of cells. (C) The indicated tumor lines were subjected to fiow cytometry-based analyses usin gmouse anti-H-2< and FITC- 
conjugated anti-mouse Ig Ab. Isotype control Ab showed MFI similar to the autofluorescence (data not shown). Representative 
histograms are presented, and the MFI of quadruplicate experiments are shown after subtraction of the autofluorescence. (D) RT- 
PGR analysis of STAT-1 and Fas mRNA isolated from MMC, MMC"**, ANV. and ANVP". Expression of p-actin was determined as an 
internal control. 
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MMCr* was associated with the loss of neu expression 
and progression of MMC into ANV, while neu expression 
remained unchanged during the plateau phase (Fig. 5B). 
MMCr" did not relapse during this follow-up period. 



Eur. J. Immunol. 2007. 37: 675-685 

Rejection of MMCr^ but not MMCr*, in CD4-depleted 
mice is consistent with the IFN-y blocking studies in vivo 
showing that IFN-y is not the only cytokine involved in 
the rejection of MMC. 
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Tlgure 4. IFN-y downregulates expression of neu antigen by inducing methylation of the MMTV promoter. (A) Detection of MMC- 
spedflc IFN-y secretion by splenocytes of wild-type FVB or rVBN202-transgenic mice (n=4) 2 wk after challenge with MMC using 
ELISPOT assay Splenocytes were stimulated with irradiated MMC in vitro at 6:1 ratios, Con A stimulation was used as a positive 
control (B) Flow cytometry analyses of early apoptotic (Annexin V-positive) or late apoptotic (PI- and Annexin V-positive) MMC in 
the absence or presence of IFN-y for 3 days. (C) Semi-quantitative HT-PCR analysis of neu expression in MMC in the absence or 
presence of IFN-y. ANV and ANV*" 1 cell lines were used as controls for los3 or intermediate expression of neu mRNA. Neu 
expression in the PCR products was quantitated in agarose gel using Quantity One 1-D analysis Software, p) Flow cytometry 
analysis of the neu expression in MMC in the absence (dashed line) or presence (solid line) of IFN-y in uitm Left and nght panels 
show in vitro culture conditions in the absence or presence of IFN-y-blocking GR20 Ab (20 ug/mL), respectively. Viable cells were 
gated in all the FACS analyses- Autofluorescence is shown as dotted lines. Isotype control-induced fluorescence was similar to 
autofluorescence, (E) Bisulfite genomic sequencing of MMC cells after 3-day treatment with IFN-y, A total of ten clones per sample 
was sequenced. (F) MMC were removed from FVB mice at the time of tumor rejection (day 10-14 post-challenge). Expression of the 
neu protein was detected by flow cytometry either immediately after the MMC removal (solid line) or after 3-4 wk ex vivo culture 
(dashed line) The dotted line indicates autofluorescence. (G) RT-PCR analysis of KNA isolated from untreated MMC or ANVas well 
as ANV treated with different concentrations of 5-aza-deoxycytidine for 3 days, p-actin was amplified as an internal control. 
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0 

Days after tumor ohafeiQB 

Ficnre 5 iFN-Y-mediatedneu antigen Loss and Cumor relapse in uiuo. (A) Establishment of MMCr* and MMCr* clones with the 
presence or lack of rFN-y receptor alpha chain obtained from freshly isolated spontaneous mammary tumors or after a number of 
Passages of MMC in vitro, respectively. (B) FVB mice (n-3) were depleted of CW + T cells and inoeulated with MMCr* or MMCr". 
tumor growth was monitored until 3 months after the challenge. RT-PCR analysis of neu mRNA expression in the tumors obtained 
from MMCr'-bearing FVB mice either at the plateau phase of turn or growth (day 40 post-challenge) or at the exponenual growth 
phase (day S5 post-challenge). 



Discussion 

It was suggested that immunocditing of tumors is 
facilitated by the genetic instability of tumors [15], 
particularly in the genes encoding tumor antigens. In 
order to understand tumor antigen loss during tumor 
immunoediting, we used the wild-rype FVB mouse and 
the FVBN202- transgenic mouse model of HER-2/neu- 
positive mammary carcinomas. Unlike wild-type FVB, 
FVBN202-transgenic mice express rat neu protein under 
the control of the MMTV promoter, rendering their 
immune system tolerant to the rat neu oncogene 
product. Wild-type FVB mice can reject primary MMC 
in T cell-dependent, neu-specific fashion as shown here 
with the in vivo CD4/CD8 T cell-depletion studies, 
induction of MMC-specific IFN-y production, and 
detection of MMC-specific T cell responses [16]. Since 
CD4 depletion in vivo may also deplete CD4* NK1.1 
cells, we depleted NK1.1 cells in vivo to determine 
whether these cells may participate in MMC rejection. 
However, the presence of T cells in the absence of NK1.1 
cells induced spontaneous rejection of MMC in FVB mice 
(data not shown). Despite T cell-mediated rejection of 
MMC, tumor relapse occurred due to neu antigen loss 
and emergence of ANV. Such neu antigen loss was 
induced by anti-tumor T cell responses, because 
expression of neu antigen remained intact in MMC cells 
derived from T cell-depleted mice. No marked differ- 
ences were observed in the growth of MMC and ANV 
when these tumors were inoculated into FVBN202- 
transgenic mice [12]. 

It has been suggested that tumor immunoediting 
occurs due to Danvinian selection, where tumor-specific 
immune responses eliminate antigen-positive clones, 
and antigen-negative variants escape and grow [8, 9J. 

<© 2007 WILEY- VCH Verlag GmbH & Co. KGaA. Weinheim 



On the other hand, there are reports supporting the 
hypothesis that anti-tumor immune responses them- 
selves induce changes in antigen-positive clones, con- 
verting them into antigen-negative clones [10, 11 J. 
Using a neu-overexpressing primary tumor, MMC, and 
its relapsed neu-negative variants, ANV, our data in the 
present studies support the latter. 

First of all, we show that neu antigen loss was due to 
the induction of epigenetic changes in neu-positive 
MMC in the presence of anti-tumor T cell responses. 
Initial rejection of MMC in wild-type FVB mice occurred 
in the presence of MMC-specific IFN-y-producingT cells. 
In vitro studies showed that IFN-y was involved in 
downregulation of neu antigen in MMC. Three-day 
treatment of neu-overexpressing MMC with IFN-y 
downregulated neu expression at both the mRNA level 
and the protein level in viable MMC. Sensitivity of MMC 
to IFN-y-mediated rnethylarion of the MMTV promoter 
depended on the status of the IFN-y receptor in MMC. 
IFN-y downregulated neu expression in the IFN-y 
receptor-positive MMC but not in IFN-y receptor- 
negative MMC clones. However, removal of IFN-y from 
the culture resulted in normal proliferation of MMC and 
overexpression of neu after 3 to 4 wk in culture. 
Interestingly, expression of the neu antigen was down- 
regulated at the time of MMC rejection and recovered 
after a 3- to 4-wk culture ex vivo. Considering that tumor 
relapse and emergence of ANV occur 1-3 months after 
the initial tumor rejection, IFN-y treatment for 3 days 
might not be long enough to induce complete and/or 
stable neu loss. Alternatively, other components of the 
immune response such as neu-specific Ab [17], Fas-Fas 
ligand interactions, or Granzyme B-mannose-6-phos- 
phate receptor interactions may also contribute to the 
neu antigen loss. These possibilities remain -to be 
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investigated. It is also likely that MMC clones with low 
expression of neu antigen may not survive for 3-4 wk 
after removal of TFN^y in vitro, while neu-positive MMC 
may survive and become predominant. Although down- 
regulation of the neu protein was detected in MMC at 
the time of tumor rejection, treatment of animals with 
GR20 Ab to block IFN-y receptor in vivo did not prevent 
the rejection of MMC or downregulation of neu 
expression in wild- type FVB mice (data not shown). 
This indicates that IFN-y partially, not solely, contributes 
in the tumor rejection or induction of epigenetic changes 
in MMC resulting in downregulation of the neu antigen. 
Interestingly* iFN-y receptor-positive MMC clones 
(MMCr + ) relapsed in vivo in the presence of CD8 + 
T cells and absence of CD4 + T cells or anti-ncu Ab. 
Relapsed rumors were ANV. On the other hand, IFN-y 
receptor-negative MMCr~ tumors were rejected, and 
animals remained tumor-free during the trial. These in 
vivo studies suggest that the status of the IFN-y receptor 
in tumors will determine rejection or relapse of MMC in 
FVB mice (manuscript in preparation). It has been 
shown chat loss/downregulation of neu in FVBN202- 
transgenic mice is controlled by hypermethylation of the 
MMTV promoter in CpG sites within region 1 [13] . Zhou 
and coworkers 113] identified ten potential sites of 
methylarion within CpG islands. However, wc identified 
one additional potential site of methylation (position 
213) in this region. We detected hypermethylation of the 
MMTV promoter during antigen loss induced by IFN-*y 
treatment in vitro. ANV cells isolated from animals with 
intact T cells also showed hypermethylation of MMTV. 
This further confirmed that IFN-y-mcdiated epigenetic 
changes in MMC result in neu antigen loss and tumor 
escape. Treatment of ANV with 3 uM of a demethylating 
agent (5-aza-deoxy-cytidine) was able to reverse neu 
expression in ANV. 

Our findings are consistent with other reports 
showing that IFN-y can promote immune-mediated 
tumor escape by downregulation of gp70 in CT26 
tumors [10], The downstream signaling pathways 
leading to IFN-y-mediated antigen loss remain to be 
determined. Interestingly, expression of HER-2/neu in 
human breast carcinomas is regulated by the AP-2 
transcription factor, which binds a CpG-rich promoter 
region of the HER-2/neu gene [18] . Therefore, it is likely 
that methylation of this promoter region induced by 
IFN-y may inhibit rhe expression of HER-2/neu by AP-2. 
It was reported that treatment of HER-2/neu-positive 
human ovarian carcinoma cells with IFN-y reduced the 
expression of HER-2/neu at both mRNA and protein 
levels [19]. We also detected IFN-y-mediated down- 
regulation of HER-2/neu in human breast carcinoma cell 
lines (manuscript in preparation). 

Secondly, we showed that residual nc u-negative 
clones in MMC (MMC***) and residual neu-positive 
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clones in ANV (ANV 905 ) differ from ANV and MMC, 
respectively- ANV pos showed intermediate levels of neu 
expression as compared to MMC cells, which indicates 
that ANV 1 * 5 cells were not MMC left behind following 
lieu-targeted immune responses. The differences be- 
tween ANV and MMC nes also do not support the 
hypothesis that ANV might be derived from MMC nea 
following eradication of neu-positive clones under 
immune pressure. The heterogenic nature of MMC 
and ANV allowed us to isolate MMC DC * and ANV 1 * 05 cells 
and perform comparative studies. The Darwinian 
selection hypothesis also predicts the presence of such 
residual clones. These residual neu-negative and neu- 
posirjve clones were not artifacts of in vitro cell culture, 
because the status of neu expression in these tumors was 
validated in several tumor clones, and similar observa- 
tions were made in fractions of freshly isolated MMC and 
ANV [16, 17, 20]. In addition, MMC 1 '* and ANV 905 were 
highly stable for the lack of or intermediate expression 
of neu over 45 passages in vitro. Thus, no residual neu- 
positive clones or neu-negative clones were detected in 
MMC"* 8 or ANVP™, respectively. Patterns of methylation 
of the MMTV promoter in four cell lines corresponded to 
the patterns of surface neu expression in these cell lines. 
Hiere was one done in ANV with complete demethyla- 
tion and two clones in MMC with partial methylation. 
These clones may represent residual neu-positive and 
neu-negative clones of ANV and MMC, respectively, The 
four, tumor lines appeared to have distinct gene 
expression profiles as well as different morphology 
and proliferation rates. Hundreds of genes were 
upregulated or downregulated when comparing MMC 
with ANV, MMC with ANV* 0 *, or ANV with MMC nc *. 
Gene array analyses showed that epithelial markers such 
as claudin 3 (CLDN3), CLDN4, and occluding COCLN) 
[21] were markedly increased in MMC versus ANV or 
MMC versus ANV pos , while these genes were not 
expressed in MMC"*. In addition, mesenchymal 
markers such as procollagen-proline, 2-oxoglurarate 4- 
dioxygenase (proline 4-hydroxylase), alpha 1 polypep- 
tide (P4HA1), and snail hornolog 1 (SNAI1) as well as 
actin, alpha 2, smooth muscle, and aorta (ACTA2) [21] 
were markedly higher in ANV versus MMC or ANV pos 
versus MMC. Expression of vimentin (VIM) was higher in 
ANV than in MMC These findings are consistent with 
previous reports [20]. 

Since microarray analysis showed differentially 
expressed H-2* STAT-1, and Fas in MMC, ANV, MMC nes , 
and ANVP™ wc used semi-quantitative RT-PCR to 
further validate the microarray findings. These findings 
in biological replicates of the cells further confirmed 
differential expression of these molecules in MMC versus 
ANV 1101 and ANV versus MMC™" 8 . These results are 
consistent with our previous findings showing that MMC 
and ANV have distinct proteomic profiles [16] , and these 
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tumor lines express comparable levels of IFN-Y recep- 
tors, while expression of STAT-1 is downregulated in 
ANV [14]. This also suggests that ANV should be more 
resistant than MMC to IFN-y-induced apoptosis in vivo. 
Others have also reported that relapsed tumors are 
refractory to IFN-y-mediated T cell responses [22] . 

It has been reported that IFN-y downrcgulates the 
NKG2D ligand H60 on tumors, rendering them resistant 
to NK-mediatcd killing [23]. Therefore, the epigenetic 
effect of IFN-y is not restricted to particular tumor 
antigens. On the other hand, depending on the antigenic 
system and mechanism of antigen expression, IFN-y may 
or may not modulate particular tumor antigens. 
Regulatory functions of IFN-y on the expression of 
other tumor antigens that are regulated by hypomethy- 
lation of the gene promoter remain to be investigated. 
Our findings are consistent with other reports [10] and 
further support the hypothesis that IFN-y simulta- 
neously induces apoptosis and antigen loss in tumors. 
Therefore, the outcome of anti-tumor immune re* 
sponscs will depend on the balance between these 
tumor inhibitory and tumor immunoediting effects. 
IFN-y is one of the components of anti-tumor immune 
responses that might be actively involved in neu antigen 
loss due to the induction of epigenetic changes in 
primary tumors. Whether other components of the 
immune response such as Fas ligand, granzyme, or 
TRAIL contribute to tumor rejection or neu antigen loss 
also remains to be determined. It has been reported that 
anti-neu Ab can induce neu antigen loss in mammary 
carcinomas of FVBN202- transgenic mice [16]. Identifi- 
cation of antigenic epitopes in HER-2/neu that may 
induce either immune-mediated tumor rejection or 
tumor relapse would improve peptide-based vaccination 
approaches to overcome tumor relapse [24, 25]. 

Materials and methods 
Mice 

Wild-type FVB (Jackson Laboratories) and FVBN202- trans- 
genic female mice (Charles River Laboratories) were used 
throughout these studies. FVBN202 is the rat neu-transgenje 
mouse model In which 100% of females develop spontaneous 
mammary tumors by 8-10 months of age, with many features 
similar to human breast cancer. These mice ovcrcxpress an 
unacdvated rat neu transgene under the reguladon of the 
MMTV promoter [26]. Hie studies have been reviewed and 
approved by the Institutional Animal Care and Use Committee 
(1ACUC) at Virginia Commonwealth University. 

Tumor cell lines 

The MMC cell line was established from a spontaneous tumor 
harvested from FVBN202-transgenic mice as previously 
described, with minor modifications [16, 20]. Tumors were 



sliced into pieces and treated with 0,25% trypsin at 4°C for 
12-16 h. Cells were then incubated at 37°C for 30 mtn, 
washed, and cultured in RFMI 1640 supplemented with 10% 
fetal bovine serum (FBS) [271. Ihc ANV cell line was 
generated by s.c. inoculation of MMC (5 x 10 6 to 6 x 10 6 ) 
into the right mid-dorsum of a non-transgenic wild- type FVB 
mouse. In this mouse, anti-neu immune responses can be 
elicited, resulting in initial tumor rejection and relapse of ANV 
after a long: latency. MMC no * and AN V 1 * 0 * cell lines were derived 
from MMC and ANV, respectively, using the Beckman Coulter 
LlPICS Elite sorter. These cells were then cultured in RMP1 1640 
supplemented with. 10% FBS and were analyzed for the 
expression of rat neu protein before use. In some experiments, 
MMC (4 x 10 6 cells) were cultured in the presence or absence 
of IFN-y (50 ng/mL; Serotec, NC). 

Flow cytometry 

A single staining flow cytometry analysis of the mammary 
tumor cells (10 6 cells/tube) was carried out using mouse anti- 
neu (Ab-4) Ab (Calbiochem, San Diego, CA), mouse ano'-lW 
Ab, isotype control Ig, and FITC-conjugatsed anti-mouse lg (BD 
Pharmingen, San Diego, CA) at the concentrations recom- 
mended by the manufacturer. Cells were finally washed, fixed 
with 1% ultra-pure formaldehyde, and analyzed with the 
Beckman Coulter EPICS XL within 24 h of fixing. Double 
staining of viable cells was also performed using Annexin Vand 
propidium iodide (PI) as previously described [28], 



ELISPOT assay 

Splenpcytes of FVB and FVBN202-rransgenic mice (inoculated 
with MMC) were subjected to EUSPOT assay as previously 
described by our group [12]. Briefly, 96-well filtration plates 
(Millipore, Bedford* MA) were coated with 10 ug/mL rat anti- 
mouse IFN-y Ab (BD PharMingen, San Diego. CA) and 
subsequently blocked with RPMI 1640 medium containing 
10% FBS. RBC were lysed with Tris-NrLA and 50 ul of the 
splenocytcs (5 x 10 s cells/well) were added to each well and 
incubated with 50 uL Con A (5 ug/mL) or irradiated MMC 
(15 000 rad; 6:1 E:t ratios) in complete medium (10% FBS, 
50 U/mL peniciUin/streptomydn, 2 mM L-glutamine, 1 mM 
2-MH) at 37°C in an atmosphere of 5% CO a for 20-24 h. The 
plates were then washed extensively and incubated with 5 jig/ 
mL biotinylated anti-mouse IFN-y Ab (BD PharMingen), 
followed by a pulse with 0-2 U/mL alkaline phosphatase 
avidin D (Vector Laboratories, Buriingame, CA). Positive spots 
were developed by adding 50 ul/well 5-bromo«4-chloro-3- 
indolyl-phosphate/nitro blue tetratoUum solution (Roche, 
Indianapolis, IN). 

Microarray analysis 

The Afryrnetrix* protocol has been described elsewhere [29, 
30]. The GeneChip* Mouse Genome 430A 2.0 array provides 
comprehensive coverage of the transcribed murine genome by 
including over 22 600 probe sets that analyze the expression 
level of over 14 000 murine transcripts. Each chip was scanned 
at a high resolution, with pixelations ranging from 2.5 um 
down to 0.51 urn, with the Affymetrix GcneOup* Scanner 
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3000 according to the GeneChip® Expression Analysis 
Technical Manual procedures (Afryroetrix, Santa Clara, CA). 
After scanning, the raw intensities for each probe were stored 
in electronic files (in .DAT and .CEL formats) by the GeneChip* 
Operating Software (GCOSvl.l) (Asymetrix). Normalization, 
background subtraction, and expression values for each probe 
set were calculated using a method developed by others [31], 
which is an effective expression summary motivated by a log 
scale linear additive model. This summary statistics, referred to 
as the log scale robust multi-array analysis (RMA), uses .CEL 
files to calculate probe set expression summaries. 

Statistical analysis 

The microarray analysis was performed with the BRB- 
ArrayTools V3.1.0 [32], an Excel Add-in that collates micro- 
array data with sample data. Moreover, the "significance- 
score" algorithm (S-score) was used to produce a score for all 
the comparisons of the expression summaries between MMC 
and ANV, MMC and ANV pos , and ANV and MMC"** [33]. Hie S- . 
score produces a robust measure of expression changes by 
weighting oligonucleotide pairs according to their signal 
Strength above empirically determined noise levels. The 
procedure produces scores centered around "0" (no change) 
with a standard deviation of 1, Thus, scores >2 or <-2 from a 
single comparison have, on average, a 95% chance of being 
significant hybridization changes, corresponding to p<0.05- 

Semi-quantitative RT-PCR 

According to the differences detected by microarray analyses, 
three immunologically relevant genes (neu, STAT-1, and Fas) 
were selected to validate the differences in gene expression 
between primary MMC versus ANV* 50 * or relapsed ANV versus 
MMC"**. Total RNA (1.5 ug) from four tumor lines was used as 
templates m a reverse transcription reaction system (total 
volume of 20 u-L), The cDNA were then transferred to a PCR 
master mixture containing lx PCR buffer, 1.5 mM MgCI* 
2.5 U Taq polymerase, and 1 uM gene-specific primers: Neu 
[5'-ATGATCATCATGGAGCTGGCG-3' (sense) and S'-CTAG- 
GATCTCAGGGTTCTCTGCA-3' (anti-sense)]; STAT-1 and Fas 
[34]; and p-actin [5 r -GTGGGCCGCTCTAGGCACCAA-3' 
(sense) and 5'^TCTTTGATGTCACGCACGATTTC*3' Cand- 
scnse)]» PCR conditions were as follows: Neu: 94* C 5 min, 
94 9 C 1 min, 66*C 1 min, 72° C 3 min (40 cycles) followed by 
10 min extension at 72" C; STAT-1 and Fas: 94 C C 5 min, 94°C 
30 s, 60*C 30 5, 72 & C 1 min (35 cycles) followed by 5 min 
extension at 72°C; P-actin: 94 P C S min, 94'C 30 s, 52°C 30 s, 
72°C 1 min (30 cycles) followed by 5 min extension at 72*C 
Amplified fragments were visualized by ethidium bromide 
staining of the agarose gel and photography under UV light in 
Gel Doc 2000™ (BioRad) . Quantity One 1-D analysis Software 
was used to quanticate each PCR product. Data were normal- 
ized using p-actin as an internal control The highest value in 
the MMC-positive control was adjusted to 100%, and values for 
samples were calculated proportionally. 
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In vivo tumor challenge studies 

Rmale FVB mice (n=4) were inoculated s.c. with MMC or ANV 
(5 x 10 6 cells/mouse). Animals were inspected twice every 
week for the development of tumors, Masses were measured 
with calipers along the two perpendicular diameters. lUmor 
volume was calculated by: V(volume) « LOength) x 
W(width) 2 -J- 2. Mice were killed before the tumor mass 
exceeded 2000 mm 3 . FVBN202 -transgenic mice Cn=3) were 
also inoculated with MMC or ANV. 

Bisulfite genomic sequencing 

Genomic DNA was isolated from the tumor cells (6 x 10 6 ) 
using the ZR Genomic DNA Kit (Zymo Research, Orange, CA). 
For DNA methylatjon analysis, 0.5 ug DNA was treated with 
bisulfate using the EZ DNA Methylation Kit according to the 
manufacturer's protocol (Zymo Research). The reaction was 
performed using the FastStart High Fidelity PCR System 
(Roche) and the following primers: forward 5' -GAGAAGTAGT- 
TAAGGGGTTGTTTTTTAT-3'; reverse S'-AAATTAACTA- 
TAATCCTTACCCCAAAAA-3'. PCR reactions were carried out 
ns described previously [13]. The resulting PCR fragments 
were ligated into the pGEM-T Easy vector (Promega, Madison, 
WJ) and were sequenced. 

Demethylation studies 

ANV cells were treated with 1 or 3 uM S-aza-deaxycytidinc 
(EMD Biosciences, San Diego, CA) for 3 days- MMC and ANV 
were used as positive and negative controls for neu expression. 
RNA was then isolated and used In a two-step RT-PCR reaction 
using neu- specific primers that amplified a 474-bp fragment of 
neu mRNA: sense 5' -AACAGCTC AGAGACCTGCTTf G GA-3' 
and anti-sense 5^TGATCCAAGCACCTTCAGCTTCCT-3'. 0-ac- 
was amplified as an internal control. 
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